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Successful Pulverized Coal Installation 


MILWAUKEE ELeEctric Rampway & Liagut Co. SHows EXcELLENT ResuLts Arrer 2 Yr. OPERATION 


AND SEVERAL CHANGES IN FurNACE Design; PLAN New P.Lanr. 


HE LARGEST INSTALLATION of pul- 
verized coal burning equipment under 
steam-raising boilers in the world is that 
of the Milwaukee Electric Railway & 
Light Co., at Milwaukee, Wis. This 
installation, in the Oneida Street station 
of the company, was planned early in 

1918. By May of that year, one boiler and pulverized- 














Fig. 1. 


coal apparatus was installed and until August of the 
same year was operated under various experimental con- 
ditions. Since that time, many changes have been made 
and lessons taught by experience acted upon. Today 
there are five 468-hp. boilers, each being fired by pul- 
verized coal. These units have proved so satisfactory 


By I. L. KentisH-RAnkKIN. 


after months of continuous operation under operating 
conditions that the Milwaukee Electric Railway & Light 
Co. has already commenced the construction of another 
plant that will utilize pulverized fuel exclusively. 
The Oneida Street station is an old station, and the 
present installation of pulverized coal equipment was 
necessarily a compromise because of space restrictions 
and the fact that the new equipment had necessarily to 


BOILER ROOM AISLE, SHOWING FURNACES, AUXILIARY AND FURNACE INLETS AND INSTRUMENT BOARD 


be located as conditions permitted. Under these circum- 
stances the present layout of coal-handling apparatus 
should not be looked upon as ideal, although it may per- 
haps be the best even under other conditions ; experience 
alone will decide this point. Meanwhile the success of 
pulverized fuel at Oneida Street has been proved, 
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notwithstanding certain inconveniences for reasons 
advanced above. 


Station Layout AND CoaL MovEMENT 


BETWEEN a station burning lump coal and one burn- 
ing powdered coal, the chief differences are that with the 
powdered coal there is a large amount of coal treating 
to be done as compared with lump coal; and at the same 
time there is infinitely less ash to be handled. This fact 
is well brought out by the isometric view of Oneida 
Street station, Fig. 2, which shows the relative location 
of the various pieces of apparatus, the path followed by 
the fuel from the time it is dumped from the boats until 
the time it passes up the stack as gas or into the ash con- 
veyor as slag. 

The Milwaukee Electric Railway & Light Co. receives 
most of its coal by water. The coal is unloaded by grab 
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the coal is broken up so that all will pass through 4-in. 
mesh and then passes to the drier. The drier measures 
about 65 ft. in length and 6 ft. in diameter, and consists 
of a cylinder which revolves and through the center 
of which passes a flue. The flue is open at its lower end, 
to permit the hot gases to escape and pass back in the 
chamber containing the coal and carry with them the 
moisture in the form of steam picked up from the coal. 
The drier is heated by a coal-burning furnace located 
adjacent to it. A cyclone separator and fan are em- 
ployed for exhausting the moisture and drier gases, the 
fan being operated through countershafts from the drier, 
Fig. 3. Passing slowly through the drier as it revolves 
the coal gravitates to the lower end of the drier, to be 
conveyed by a propeller or screw conveyor to a vertical 
bucket conveyor, which carries it up to the dried coal 
bin. By this time the coal is quite small, all passing 
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FIG. 2. ISOMETRIC LAYOUT OF PULVERIZED COAL PLANT, SHOWING LOCATION OF EQUIPMENT AND PATH OF 
TRAVEL FOLLOWED BY FUEL 


bucket and dumped into the raw coal hoppers. From the 
raw coal hoppers the coal is passed through a magnetic 
separator which takes out pick-heads, bolts and nuts 
and similar objects and passes the coal over a scale to 
the coal crusher. From the coal crusher the coal is car- 
ried to the green coal bins by bucket elevator, of which 
there are five for each furnace. This arrangement per- 
mits each boiler and furnace to be treated as a separate 
unit in times of emergency or for test. Each of these 
bins has large storage capacity for coal, because crushed 
raw coal may be stored readily, whereas pulverized 
coal cannot be stored for any length of time in any con- 
siderable quantity, due to the rapidity with which it 
heats on the one hand and absorbs moisture on the other. 

The coal passes from the green coal storage bins to the 
disintegrator along a horizontal conveyor, where it is 
transferred to a vertical conveyor. In the disintegrator 


through a 14-in. mesh, and dry, not containing more 
than 1 to 2 per cent of moisture. 

Passing downward, the coal now is fed into the 5-ball 
pulverizer mill, of which there are two. Only one is 
used at a time, however. When the coal has emerged 
from the pulverizer it is an impalpable powder of such 
size that 80 to 85 per cent will pass through a 200-mesh 
screen. A strew conveyor then carries the powdered 
coal along horizontally to the pulverized coal storage 
bins. There are two of these for each furnace, an 
arrangement that permits of either bin becoming clogged 
or taken out of service without interfering with the per- 
formance of the furnace. Beneath the bins a steel gal- 
lery, suspended by angle-irons, is located to make 
inspection safe and simple. The coal is now prepared, and 
the remaining processes have to do with the utilization 
of the powdered coal as contrasted with the preparation 
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of the raw coal ready for utilization. Table I gives the 
data on the method of driving and size and type of 
motor employed in the preparation of the coal, and Figs. 
2 and 4 show the location of the different pieces of 
equipment. j 


BuRNING THE PowpDERED CoAL 


FROM THE pulverized coal bins the coal falls by grav- 
ity upon a motor-driven screw conveyor carried by the 
storage bin, Fig. 5, and is carried toward the burner. 
Adjacent to the conveyor, air from a mechanical blower 
is piped to the powdered coal feed line, Fig. 4. This 
air, forced draft, picks up-the coal and carries it at high 
velocity along the burner feed line, through the air mix- 
ing chamber where additional air is taken in’ through 
vents, to the burner. The air used for injecting the 
coal, also used for combustion, is furnished by a motor- 
driven blower set serving all five units. There are actu- 
ally two of these blower sets, but one is held in reserve, 
Fig. 6. The air entering at the air-mixing chamber 
immediately above the furnace, as shown in Fig. 1, is 
taken into the mixing chamber because of the low pres- 
sure in the furnace, and the amount thus drawn in 
can be controlled by dampers. Additional air is taken 
into the furnace through air vents in the furnace sides, 
as will be discussed later. In Table II is given the energy 
consumption, approximately, expended for the purpose 
of preparing and moving the pulverized coal and sup- 
plying air for both moving the coal and for combustion. 


Tur FurNACcE CHAMBER 


THE EXTERIOR View of the furnace is shown in Fig. 1, 
while Fig. 4 gives a good idea of the size and shape of 
the furnace chamber. The large furnace space calls 
for special comment, as does the location of the burner, 
which results in the flame of burning coal passing down 
almost vertically. The actual combustion space is 1678 


TABLE I. APPARATUS AND MOTOR SIZES FOR COAL HANDLING 


AND PREPARING 





20 hp. a-c., squirrel cage 

Driven by countershafts by 
above motor 
10 hp. d-c., constant speed 


Coal crusher 1 
Coal bucket conveyor 1 
Magnetic separator pt 
Green coal conveyor 1 
Drier, moisture exhauster, dust 

collector and cyclone separator 1 . d-c., variable speed 
Dry coal elevator 1 . d-c., constant speed 
Pulverizer 2 75 hp. each, d-c., constant speed 
Pulverized coal screw conveyor 1 5 hp. d-c., constant speed 
Forced draft blower 2 . each, d-c., variable speed 
er mill 2 . each, a-c., squirrel cage 

10 


Suction fans, one 
eeders (two 


Pulverized coal 


per furnace) 1% hp. d-c., variable speed 








cu. ft., and the distance from the bottom row of tubes 
to the bottom of the furnace chamber is 15 ft. Placing 
the burners as shown, so that the coal is fed vertically 
down into the furnace, improves combustion by securing 
better mixing of air and coal, and at the same time 
lessens the likelihood of damage to the furnace brickwork 
under the influence of erosion, and intense concentrated 
heat, because the flame does not impinge directly upon 
any portion of the brickwork. 

As already pointed out, the pulverized coal installa- 
tion was made in a station already built, and many 
things had to be compromised. One was that the coal 
and slag conveyor could not be moved. The only alter- 
native was to. brick it in and build the furnace over 
it (Fig. 4). This is the only part of the furnace that 
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has given any sign of trouble and here occasional relin- 
ing is necessary. It should be specifically pointed out, 
however, that this condition is not strictly chargeable 
to the use of pulverized fuel, but to the fact that the coal 
and ash conveyor could not be moved. With the fore- 
going exception, no furnace troubles have developed 
since the present furnace design was adopted. It was 
necessary, however, to build and redesign the furnace 
five times before the present-day success was attained. 

That the present furnace is successful is proved by 
the fact that it is possible to operate at 180 per cent 
of boiler rating for several days at a time without a 
stop, maintaining about 13 per cent of CO,, without any 
sign of brick troubles. Incidentally, this fact empha- 
sizes the absence of clinker troubles and loss due to 
cleaning fires. It is the opinion that the vertical flame 
is largely responsible for the absence of refractory trou- 
bles, absence of tube troubles and the good combustion 
efficiency maintained at all times, namely 13 per cent 

















TABLE II. APPROXIMATE POWER CONSUMPTION PER TON IN 
PREPARING AND BURNING POWDERED COAL 
Application Kw-hr.Coneumed per Ton 
Conveyers, orusher, elevators, drier, 
forced-draft blower and feeders 5.73 
Pulverizer 16.72 
Total kw-hr. 23.45 
Coal equivalent, at 1.5 1b. coal per kw-hr. ,1b,. 33.68 
Coal consumed by drier furnace, 1d 35.66 
Total coal and equivalent, 1b. 59.34 














Note - These figures are taken from the report of the test, 
and mist be considered as aovrogimate only for average 
aatly operation. 


CO, and better. As a matter of fact, it has been found 
that 13 per cent of CO, gives the most satisfactory 
temperature on the basis of high combustion efficiency 
on the one hand and long refractory life on the other. 
The large combustion space is another factor, of course, 
the volume being about five times that usually encoun- 
tered with stoker firing. In this conneetion, it may be 
stated that such a large furnace volume has been ob- 
tained quite inexpensively, since the furnace chamber 
has been built downward instead of upward. Station 
restrictions necessitated this, but it is a money-saving 
feature. 


Referring once again to Fig. 1, attention is drawn to 
the air inlets seen in the furnace walls. There are five 
of these openings above the floor and seven below the 
floor. These auxiliary air inlets, in addition to the 
forced draft and the air taken in at the air-mixing 
chamber immediately above the furnace, shown also in 
Fig. 1, deserve special consideration. These 12 air inlets 
are rarely touched, once they have been properly 
adjusted. They serve a two-fold purpose: they furnish 
air, by induced draft due to the vacuum in the furnace 
chamber, for complete combustion, but more important 
still, they allow comparatively cool air to enter the fur- 
nace where such air can do most good in the way of 
cooling the brickwork of the furnace. This is especially 
true of the seven vents below the floor, which allow air 
to pass where it can be most effective. 


Three sources of air supply are available for adjust- 
ment and control, namely the forced draft at the feed 
line, the air inlets at the air-mixing chamber and the 
air inlets in the furnace walls. It is usual, however, 
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to do practically all the regulating with the breeching 
damper, since the auxiliary air—the air that does not 
serve to help carry the powdered fuel as well as accom- 
plish combustion—depends upon the low pressure in 
the furnace chamber. In Fig. 1, besides the boiler in- 
struments panel can be seen the controls for the breech- 
ing dampers and also those for the furnace air inlets. 
Both can be operated at the same time by one man while 
he watches his draft gages on the instrument board. 


BortER-Room INSTRUMENTS 


AN INSTRUMENT board installed in the passageway 
between each pair of boilers serves to carry the instru- 
ments for the boiler on either side of it. Each boiler is 
equipped with a steam-flow meter, a recording draft 
gage for registering the draft over the fire (in furnace 








FIG. 3. COAL DRIER, EXHAUSTER DRIVEN BY COUNTERSHAFT 


chamber) and in the last pass; a draft gage of the indi- 
eating type for showing the same as above; a recording 
thermometer for metering the temperature of the steam 
and the temperature of the stack gases; and a draft 
gage for the purpose of checking instantly the working 
of any of the other draft gages. 

A CO, recorder is located in the boiler-room aisle 
for recording the carbon dioxide of any furnace. The 
gases are picked up in the third pass, directly below the 
damper. This instrument may be changed from any 
furnace to any of the others, a practice that is usually 
done about every two or three hours. A smoke recorder 
is also connected to the one stack that serves the five 
powdered coal furnaces as well as several stoker-fired 
furnaces in a different section of the station. All coal 
is weighed and a daily and weekly record kept of pounds 
of coal per kilowatt-hour generated. Water is not 


measured. 
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Some OPERATING EXPERIENCES W1TH PULVERIZED CoAL 


DalLy operation with pulverized coal burning under 
first one and eventually five boilers, meeting the 
daily variations of load as called for by routine plant 
performance, has caused to be developed a number of 
interesting practices and precautionary measures. These 
serve to give a better insight into pulverized coal com- 
bustion and what its use implies. 

Moisture has proved itself one of the difficulties to 
be guarded against. Moisture in the powdered coal 
interferes with coal movement, jeopardizes the mixing of 
air and fuel, and may even shut down a furnace alto- 
gether by clogging up the feed lines. Combustion is, 
of course, made difficult as well as erratic. Difficulties 
due to moisture have, however, been practically elim- 
inated by reducing-the moisture content in the coal 
received from the drier to from 1 to 2 per cent, and 
by taking care that no moisture is able to enter the feed 
lines, dry coal and pulverized coal storage bins. Another 
precaution now observed is to keep the upper zones of 
the station dry so that moisture is not drawn in from 
the outside. Another trouble that developed at first, 
but which has since been eliminated, was on account of 
coal leakage from the coal feed lines into the station 
through leaks and cracks and other openings. The loss 
of coal in this way resulted in ankle-deep dust, discom- 
fort, and a loss of coal that not only showed up in the 
fuel bill but incteased the cost of preparation. Dust- 
proof joints, the sealing up of openings and care in 
making joints solved this difficulty. Today the boiler 
room is clean and dust free. 

Banked fires are not feasible with pulverized coal; 
nor are they necessary. Any burner may be turned off 
and as readily turned on, provided the furnace temper- 
ature is sufficient to ignite the coal. At Oneida Street 
it is the custom to shut down a furnace by turning off 
the coal supply, and employ the stored heat in the brick- 
work to keep up the steam pressure and take care of 
the radiation losses and loss of heat through condensa- 
tion in the boiler header. In this way, by manipulating 
the stack or breeching damper, a boiler may be ‘‘banked’”’ 
for several hours, and yet be ready for immediate steam- 
ing on turning on the burner. The whole process of 
getting a furnace and boiler back occupies only a few 
seconds. 

One of the facts soon emphasized was the importance 
of synchronizing and maintaining the supply of air with 
the coal. If the air supply, ordinarily obtained by forced 
draft taken into the burner feed line just below the 
pulverized coal bin, stops and the coal feed is not stopped 
also, the feed line soon becomes clogged in a way that 
is quite difficult to clear, because the powdered coal 
packs tightly under the compressing influence of the 
motor-driven screw conveyor. This condition has been 
eliminated by connecting the motor control of the pul- 
verized coal feed motors with the motor control of the 
forced-draft blower motors. If the latter shut down, 
they shut down the motor-driven pulverized coal feed 
screw conveyors also. Another very interesting feature 
of the forced draft air supply is that steam jets are 
installed to take the place of the motor-driven blowers 
on a moment’s notice. If it becomes necessary to shut 
down the blower sets, all that requires to be done is 
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to turn on the steam jets and operate in this manner, 
without any serious loss of time or capacity, for several 
hours if need be. Each burner has its complement of 
steam jets. 

The percentage of CO, maintained is less than a 
question of what is possible and rather the highest per- 
centage that is economical. It has been found that if 
13 per cent CO, is maintained the furnace refractories 
stand up without trouble and slag difficulties do not 
occur. At higher temperatures, slag troubles begin to 
occur. As a matter of fact, excess air is purposely 
allowed to enter through the air vents in the furnace 
walls to prevent slagging. 

Pulverized coal in storage tends to heat rapidly, 
spontaneous combustion then occurring. Moreover, pul- 
verized coal also absorbs moisture extremely readily. At 
Oneida Street, the pulverized coal bins (two to each 
furnace) have been chosen of such size that the supply 
of prepared coal suffices and yet can be used at proper 
boiler rating without undue heating. The absence of 
storage limitations imposed by the dried coal and the 
green coal permit these coal bins to be of larger storage 
capacity. The storage capacity of the green coal hoppers 
are such that ample coal may be stored in each, to be 
fed to the drier as needed. By this means, coal reserves 
may be kept on hand in the station, and the coal crusher 
may be shut down for long periods at a time. The 
motor-driven, pulverized coal screw conveyors and_ the 
foreed-draft blowers are thus the only apparatus that 
must operate continuously, unless the steam jets replace 
the latter, if the plant is to keep on consuming fuel. 

It is to John Anderson, chief engineer of power 
plants, and the Milwaukee Electric Railway & Light Co. 
that we are indebted for the privilege of visiting the 
plant, for obtaining the frank statements as to opera- 
tion and permission to publish them. The data obtained 
during a 5-day test of the entire boiler room, as presented 
by Mr. Anderson, before the meeting in Milwaukee of 
the Employes’ Mutual Benefit Association Technical 
League, is given in the following paragraphs. 

Object of running these tests was to obtain complete 
data on the pulverized fuel installation for the purpose 
of making comparison with stoker installation, no 
attempt being made to establish boiler room conditions 
other than those maintained during regular operation. 

To insure against any breakdowns during the test, 
the physical condition of the plant was carefully checked 
over, repairs being made wherever considered necessary. 
Boiler settings were examined and made air tight and 
all heat radiating surfaces were properly insulated. 

All necessary precautions against water leakage, from 
or to the boiler, were taken. Blowoff lines were dis- 
connected and blanked. Water column connections were 
broken and all regular feed lines to the boilers were 
disconnected and blanked. 

All instruments were carefully calibrated and set, 
and arrangements for frequent checks were made wher- 
ever possible. 

Preliminary tests were made on the various parts 
of the system so as to insure proper operating condi- 
tions during the final test. A twenty-four hour prelim- 
inary test was conducted on the entire plant for the 
purpose of training the personnel as well as that of 
trying out the test equipment. 
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RECORDS 


ALL DATA was recorded on prepared forms. Instru- 
ment readings were taken at regular intervals, varying 
from 15 min. periods on some instruments to one hour 
periods on others. Wherever possible automatic count- 
ers were used to check tallies made by operators. In 
other instances a double tally was made, each independ- 
ent of the other. 

Data was so arranged that approximate checks could 
be made after the burning of each forty and one-half 
tons of coal. 

QAILED COAL 
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FIG 4. CROSS-SECTIONAL ELEVATION THROUGH ONEIDA 
STREET STATION . 


Hourly checks were made on the water in order to 
maintain a uniform rating. 


CoaL 


WITH THE exception of the first day, when 100 per 
cent Youghiogheny was used, the coal for the test was 
a mixture 50 per cent each Eastern Kentucky and 
Youghiogheny screenings, running approximately 25 
per cent nut, 45 per cent pea, and 30 per cent slack. 
This coal is the same as is used in daily operation. The 
coal as supplied to the dryer after passing through dis- 
integrator was approximately 50 per cent slack and 50 
per cent small pea and nut, not any of the pieces being 
larger than one-half an inch. 

During the progress of the test the coal was regularly 
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sampled at five points along the line of fuel travel. 
Samples taken at the coal scale were for moisture, proxi- 
mate and ultimate analyses, while those taken at the 
dryer inlet and outlet, and burner outlets were for 
moisture determinations only. All samples were taken 
and made up according to the A. S. M. E. standards. 

All determinations and analyses were made at the 
laboratories of the T. M. E. R. & L. Co., according to 
approved practices of the Bureau of Mines. An Emer- 
son Bomb was used for obtaining calorific values of the 
coal. 


i" STarTING, CHECKING AND STOPPING 


IN PULVERIZED fuel test practice, standard methods 
cannot be followed. The levels of pulverized fuel in the 
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FIG. 5. VIEW OF PULVERIZED COAL BINS, MOTOR-DRIVEN FEEDERS AND SUSPENDED INSPECTION GALLERY 


storage bins are the determining factor in starting, 
checking and stopping. 

Previous to the starting signal for the final test, the 
green coal system was run clean of fuel and the pulver- 
ized fuel system filled to capacity. The conditions of 
the respective systems were identical for each check 
(after the burning of forty and one-half tons of coal) 
and at the close of the test. The amount of coal to be 
burned between checks was determined by the capacity 
of the green coal storage bunkers. Three bunkers of 
forty and one-half tons capacity -each were available 
during the test, all of which were filled once in twenty- 
four hours. 


OPERATING CONDITIONS 


OPERATION in the pulverizing room was changed 











somewhat during the test in order to fulfill conditions 
required in making the periodic checks of boiler opera- 
tion. It was essential that the levels of the fuel in the 
pulverized bins should be controllable at certain hours 
of the day (at the time of check) and therefore opera- 
tion of pulverizer equipment was extended over twenty- 
four hours, although, without these considerations, suffi- 
cient coal could have been pulverized during the eigh- 
teen hour run. As a result, irregular operation of the 
equipment—frequent starts and short runs—increased 
power consumption and decreased hourly capacities. 

No interruptions, due to failure of equipment, oc- 
eurred during the test. The pulverized fuel conveyor 
choked up on two occasions when the storage bins were 
allowed to overfill at a check hour. 





Uniform and satisfactory removal of moisture was 
affected by the dryer without any unusual regulation. 

The firing of the furnace was varied, as it is ordi- 
narily depending upon the moisture content of the green 
coal. 

The pulverizers operated uninterruptedly and pro- 
vided fuel of the desired fineness with little variation. 

During the first twenty-four hours of the test, it 
appeared that moisture, with its attendant difficulties, 
was collecting in the storage bins. Cold air draughts 
through windows along side of the bins, caused this 
condition by rapidly condensing the vapor in the en- 
trained air. When the windows were tightly closed, it 
was eliminated. 


Borer Room 
CHoKING and plugging of the screw feeders and 
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feeder pipes were the chief causes of interruption in the 
fire room. It was on the second day that the tendency 
of the feeder lines to choke was most noticeable and this 
must be attributed to the moisture conditions encoun- 
tered the night previous. In one instance, however, one 
of the lines to a burner stopped feeding when a piece 
of tarred paper lodged in it above the burner. No 
doubt this had been dropped into the pulverized fuel sys- 
tem accidentally. Operation of the furnace on which 
this occurred had been noticeably affected during the 
twenty-four hours previous to the removal of the pipe 
and the discovery of the source of trouble. A total of 
four feeder hours were lost during the test. 

A high percentage of CO, was easily obtainable but 
could not be maintained for longer than an hour at a 
time, due to excessive slagging on the hearth. This 
slagging on the hearth and furnace bottoms may be at- 
tributed to flame characteristics resulting from certain 
draft conditions and can only be avoided by air regula- 
tion. On the newer type of Lopulco furnaces, as are in 
use at the Oneida.Street plant, the method of air reg- 
ulation is such that while admitting air for slag preven- 
tion, a large volume not needed for combustion, enters, 
by-passes the flame zone and is carried with the prod- 


FIG. 6. MOTOR-DRIVEN BLOWER UNITS, SHOWING CONTROL 
RHEOSTATS FOR PULVERZIED COAL FEEDERS 


ucts of combustion in the form of excess air. The high 
percentage of excess air, together with a correspond- 
ingly low percentage of CO,, as indicated by the flue 
gas analysis, was not determined by combustion consid- 
erations but rather by furnace limitations. 

No slagging occurred on the boiler tubes. 

Flues were blown once every 8 hr. 

Slag was withdrawn from the furnaces twice in 
24 hr. 

Back chamber ash was removed once every two days. 

Due to the use of a single stack for the entire boiler 
plant, which includes six underfeed stoker boilers, no 
smoke observations were made. Smoke from the pulver- 
ized coal furnaces, however, has proved on all occasions 
when pulverized fuel alone is used, to be of a negligible 
quantity and appears in the form of a light yellow haze, 
which disappears within 25 yd. of the stack. The ash 
particles are so fine that no estimate can be made of the 
distance they are carried before being dropped from 
the air. No noticeable deposit has accumulated on or 
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about the plant, although continuous operation has been 
carried on for more than a year. 


T. M. E. R. & L. CO., TEST OF FIVE 468 H. P. BOILERS— 
NOS. 1 TO 5 INCLUSIVE 
ONEIDA STREET POWER PLANT 


NovemsBer 11-15, 1919 
DIMENSIONS 


. Number and kind of boilers 

Five Edge Moor water tube boilers 
Pulverized fuel burning furnaces 
. Volume of combustion space, per boiler, cubic ft. 1678 
Water heating surface, sq. ft., per boiler 4680 

. Superheating surface, sq. ft. per boiler (approx- 
imate) 594 
(a) Type of superheater Foster 
. Total heating surface, sq. ft., per boiler 5274 

(a) Ratio of water heating surface to volume 
of combustion space 1 to .359 

(b) Ratio to total heating surface to volume 
of combustion space 1 to .318 


Date, Duration, Etc. 


. Duration, hours 
(a) Boiler hours 
. Kind and size of coal 
Mixture—50% Yough. Sergs. 50% East. Kentucky Sergs. 


AVERAGE PRESSURE, TEMPERATURES, EtTC. 


495 


167.8 
29.49 
182.3 


441.9 
374.2 


156.3 
496.6 
2767 
2180 
173 
031 
6.36 


6.00 
1.00 


. Steam pressure by gage, lb. per sq. in 

(a) Barometric pressure, inches of mercury.... 
. Steam pressure, absolute, lb. per sq. in 
. Temperature of steam leaving  superheaters, 


eg. F. 
(a) Normal temperature saturated 
above pressure, Deg. F. 
. Temperatures of feed water entering boiler, 
PEMIET So a S6S CCEN Oc4 6 sd a 6,5 6.0.6 0.05.06 06 4.0 
. Temperature of escaping gases, Deg F 
(a) Temperature of flame above hearth, Deg. F.. 
(b) Temperature of furnace bottoms, Deg. F... 
. Draft under damper, inches of water 
. Draft in furnaces, inches of water 
. Air pressure at blower, inches of water 
(a) Pressure of air mixing with coal at screw 
feeder, inches of water 
(b) Pressure of air and coal mixture above 
burner outlet, inches of water 
. State of weather 
(a) Temperature outside, Deg. F 28. 
(b) Relative humidity, per cent 72. 
(c) Room temperature, Deg. F 75.2 


steam at 


QuALItTy oF STEAM 


. Number of degrees of superheat 67.7 


ToTAL QUANTITIES 


. Total weight of coal, as received, pounds 
. Percentage of moisture 
. Total weight of coal, as fired, pounds 


958,074 

7.23 
894,800 
. Percentage of moisture 67 


888,805 
11.90 
9,770 

19.8 
9,862 


. Total weight of dry coal, pounds 
Slag, ash and refuse (dry, Laboratory basis) 
per cent 
(A) Withdrawn from furnace bottom, pounds 
total 
(a) Withdrawn from furnace bottom, pounds 
per hour per boiler 
(B) Withdrawn from tubes, flues and combus- 
tion chamber, pounds total 
(b) Withdrawn from. tubes, flues and com- 
bustion chamber, pounds per hour, 
per boiler 
(C) Blown away with gases, pounds (Difference 
between Laboratory and actual weighed) 
(c) Blown away with gases, pounds per hour 
per boiler 
(D) Percentage of total lost with gases 
(E) Percentage of combustible in slag and ash 
recovered, per cent (Combined Analysis) 6.9 
. Total combustible burned, pounds 781,622 
. Total weight of water fed to boilers 8,249,536 


20.0 
87,549 


176.8 
828 
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28. Factor of evaporation HEAT BALANCE 
29. Total a evaporation from and at 212° F., Method 
ounds ——~Method——~ 
4 — A.S.M.E. — Uehling 
Hovurty QUANTITIES AND RATE Per er 
Q ‘ ‘ B.t.u. Cent. B.t.u. Cent. 
. Dry coal per hour, pounds 8,978 (a) Heat absorbed by the boiler.. 10334 80.67 10334 80.67 
(a) Dry coal per hour, per boiler, pounds 1,796 (b) Loss due to evaporation or 
. Water evaporated per hour, pounds actual 83,328 moisture in coal 8 3 8 
(a) Water evaporated per hour, per boiler, (c) Loss due to heat carried away 
pounds actual 16,666 by steam formed by the 
. Equivalent evaporation per hour from and at burning of hydrogen 
212° F., pounds 95,603 (d) Loss due to heat carried away 
(a) Equivalent evaporation per hour per boiler in dry fl 1527 
from and at 212° F., pounds 19,121 (e) Loss due to carbon monoxide 
. Equivalent evaporation per hour from and at (f) Loss due to combustible in ash 23 
212° F., per sq. ft. of water heating sutface (g) Loss due to heating moisture 


4.09 


CAPACITY 


. Evaporation per hour, from and at 212° F., per 


boiler, pounds 
(a) Boiler horsepower developed 


. Rated capacity per hour from and at 212° F., per 


boiler, pounds 
(a) Rated boiler horsepower 


. Percentage of rated capacity developed 


Economy 


. Water fed per pound of coal, as received, Ib. .. 
. Water fed per pound of coal, as fired, lb. ...... 
. Water evaporated per pound of coal dry, Ib..... 
. Water exaporated per pound of combustible, Ib.. 
. Equivalent evaporation from and at 212° F., per 


pound of coal, as received, pounds 


. Equivalent evaporation from and at 212° F., per 


pound of coal, as fired, pounds 


. Equivalent evaporation from and at 212° F., per 


pound of coal dry, pounds 


. Equivalent evaporation from and at 212° F., per 


pound of combustible, pounds............... 


Gross EFFICIENCIES 


. Calorific value of 1 pound of dry coal by calori- 


DET AS... cast bdsudabese noses ees cbne sess 


. Gross efficiency of boiler and furnace, per cent.. 
. Efficiency of furnace, per cent 


SMOKE DaTA 


. See notes. 


ANALYSES OF FLUE GASES 


. Carbon dioxide, per cent 
. Oxygen, per cent 
. Carbon monoxide, per cent 


ANALYSES OF COAL 


. Proximate. 


As Received As Fired 


(a) Moisture 67 
(b) Volatile k 34.40 
(c) Fixed .Carbon F 53,41 
(d) Ash ! 11.82 


100.00 


(e) Sulphur separately determined referred to 
dry coal 





. Ultimate Analyses. 


. Analyses of— 


(a) Carbon 
(b) Hydrogen 
(c) Oxygen 
(d) Nitrogen 
(e) Sulphur 


Combustion Combustion 
Slag Ash Retained Ash Lost 


(a) Moisture 00 13.00 


(b) Combustible .... .59 13.76 
Unknown 


(c) Earthly matter. ..99.41 86.24 


39 


ried away with flue gases, 
unconsumed hydrogen, - hy- 
drocarbons, radiation and 
unaccounted for } 393 


(i) Total calorific value of 1 Ib. 


of dry coal 12810 


(j) Total per cent 


TEST ON FUEL PULVERIZING EQUIPMENT 


ONEIDA STREET POWER PLANT 
NoveMBeER 11-15, 1919 


GENERAL CONDITIONS—AVERAGE TEMPERATURES, ETC. 


. Temperature of air entering dryer furnace, Deg. F.. 
. Temperature of gases leaving dryer, Deg. 

. Humidity of outside air, per cent 

. Draft through dryer, inches of water 

. Vacuum in pulverizers, inches of water—No. 1, 5.0; 


No. 2, 5.16. Average 


CoaL TEMPERATURES, MoIsTURES AND FINENESS 


. Temperature of coal entering dryer, Deg. F 

. Temperature of coal leaving dryer, Deg. F 

. Temperature of coal leaving pulverizers, Deg. F.... 
. Moisture of coal entering dryer, per cent 

. Moisture of coal leaving dryer, per cent 

. Moisture of coal leaving pulverizers, per cent 

. Fineness of pulverized coal, 200 mesh, per cent 

. Fineness of pulverized coal, 100 mesh, 

. Fineness of pulverized coal, 80 mesh, per cent 

. Fineness of pulverized coal, 60 mesh, per cent 


TotaL AND Hourty QUANTITIES 


CRUSHER 


. Total coal crushed, as received at crusher, tons.... 
. Coal crushed per hour, as received, tons 


DRYER 


. Total coal dried, as received at dryer, tons 
. Total coal dried per hour of dryer operation, as re- 


céived, tons 
PULVERIZER 


. Total coal pulverized, coal from dryer, tons 

. Capacity of pulverizer per hour, tons 

. Coal pulverized per hour, dry, tons, total 

. Coal pulverized per hour, dry, tons, per mill 

. Coal pulverized per hour, per mill, as received at 


plant, tons 
CONSUMPTION OF LUBRICANTS 


. Total grease consumed by elevators and conveyors, 


pounds 


. Grease per ton of coal, as received, pounds 
. Total grease consumed by pulverizers, pounds... 
. Grease consumed per pulverizer per hour of operation, 


pounds 


. Grease consumed per pulverizer per ton of coal pul- 


verized, pounds 


. Grease consumed on all equipment per ton of coal, as 


received, pounds 


. Total oil consumed on all equipment, quarts 
. Oil consumed per ton of coal as received, quarts.... 


ELECTRIC ENERGY AND COAL CONSUMPTION 


. Total energy consumed by crusher and green coal 


elevator 


3.07 


100.00 





POWER PLANT 


March 15, 1920 


. Energy per ton of coal, as received, kw.-hr 
Total energy consumed by dryer, kw.-hr 
. Energy per ton of coal, as received, consumed by 
dryer 
. Total energy consumed by pulverizers, kw.-hr. (Fan 
and drive motor) 


. Motor input per hour, hp 93.8 

. Energy consumed by pulverizer per ton of coal, as 
pga Hc ies Rae Se age ee a pi a 16.72 

. Energy consumed by pulverizer per ton of coal, as 
pulverized, kw.-hr. 17.90 

. Total energy consumed by pulverized coal conveyors 
feeder blowers and feeders 1789 

. Total energy consumed by pulverized coal conveyors, 
feeder blowers and feeders per ton of coal as 
received 

. Total energy consumed by pulverized coal conveyors, 
— blowers and feeders per ton of coal as 
re 

. Total energy consumed by all equipment on prepara- 
tion and firing of pulverized fuel, kw.-hr. ....... 

. Energy per ton of coal, as received, kw.-hr—Grand 
Total 

. Coal equivalent for this energy at 1.5 lb. coal per 
kw.-hr. 

. Total coal used in dryer furnace 

. Coal per ton of fuel dried, pounds (based on coal as 
received ) 

. Total coal and equivalent consumed in preparation and 
firing of one ton of pulverized fuel, Ib 


COST OF PREPARATION—OPERATION AND MAINTENANCE 
. Cost of labor per ton of coal—operation 
. Cost of fuel for drying plus fuel for electric energy 
Coal at $4.00 per ton 
. Cost of lubricants per ton of coal—Grease at 9c per Ib. 
. Cost of labor per ton of coal—maintenance 
. Cost of material—maintenance : 
. Total cost per ton of coal 325 
Note: Item 50 is based on the labor required to pulverize 
coal sufficient for five boilers through a twenty-four hour run 
per day. 
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SUMMARY SHEET 


Exrectric ENercGy AND Furst CoNsuMPTION Per Ton or COAL 
PULVERIZED 


. Energy consumed by conveyors, crushers, elevators, 
dryers, blowers and feeders, kw.-hr 

. Energy consumed by pulverizer, kw.-hr 

. Total energy, kw.-hr 

. Coal equivalent at 1.5 lb. per kw.-hr., 

. Coal consumed in dryer furnace, lb. per ton of fuel 
dried 

. Total coal and equivalent, lb 

. Gross efficiency less deductions for total coal and 
equivalent—Item 6 


Cost or Fue, Preparation, Firinc AND AsH DISPOSAL 


. Labor—Coal preparation 

. Labor—Firing 

. Labor—Ash removal 

. Dryer Fuel—Coal at $4.00 per ton 

. Electric Energy—Coal per kw.-hr. at 1.5 lb 

. Maintenance (Labor at 3.6c—Material at 2.0c manu- 
facturer’s estimate—Lubricants at .7c) 

. Total cost of Fuel Preparation, Firing, Ash Disposal 
and Maintenance 

. Price of coal as purchased, per ton 

. Total cost 


EFFICIENCIES 


. Actual Gross Efficiency, per cent 
. Net efficiency after all incidental costs have been 
accounted for, per cent 


The tests were conducted by the engineers of the 
T. M. E. R. & L. Co., being directly supervised by Fred 
Dornbrook, assisted by Messrs. Schubert and Mistele, 
Test Engineers. Paul Thompson, Technical Engineer of 
Power Plants, Detroit Edison Company was present 
throughout the four days, as an observer.: 


Progress of Power Engineering---Il 


A Review or Power DEVELOPMENTS IN AsIA, AUSTRALIA, AND SouTH AND CENTRAL AMERICA DURING 


THE Last Few YEARS, AND THE POSSIBILITIES FOR FuTURE EXPANSION. 


ECENT development of power enterprise outside 
of Europe differs from contemporary European 
development insofar as it has taken place mostly 

in countries that had no industrial activity of their own, 
or where industrial enterprise is still in its beginning. 
The whole character of this development is vastly dif- 
ferent from that in Europe; it leads, while that in 
Europe follows. Without the previous introduction of 
power there can be no economic progress. Power engi- 
neering, therefore, is of great importance in these coun- 
tries; it is their very life. 

Power development has practically stood still outside 
of Europe during the last few years. A few large enter- 
prises excepted, no important development has been 
taken in hand, and those which have been finished were 
done only under great difficulties. Two principal causes 
have been responsible, one, the lack of capital, the other 
lack of equipment. Asia, Australia and South America 
before the war lived financially only from the bread- 
crumbs that fell from the table of Europe. As the 
earth derives its light from the sun, so these regions of 
the world lived in the sunshine of the financial riches 
of Europe which dispensed them according to its best 
opinion. Progress of any kind, therefore, was neces- 
sarily slow, and it took place only where Europe per- 
mitted. During the war, this dependency upon Europe 
was brought more than ever to the notice of the non- 
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European countries. European financial assistance, 
after having flown pretty regularly in former times, sud- 
denly disappeared entirely and with it all initiative for 
the construction of public utilities ended. But even were 
the money obtainable, there was the other, impediment of 
shortage of equipment. England and Germany, the 
principal sources of supply for power equipment of all 
kind, were engaged in the war and too busy to trouble 
about industrial conditions in other countries, and the 
American industry was not yet quite ready to take its 
place in the world’s markets. 

But the war has also brought the remedy for this 
situation; it is another world which is now faced by the 
power industry. First of all Europe has no longer a 
monopoly upon the world’s money supply. America 
has taken the place of Europe in this respect and the 
former borrowers of Europe have not only been able in 
many instances to return the loans but have lent money 
themselves. Asia, Australia, South and Central America 
have grown rich during the war. They have sold their 
products at high prices to Europe and have accumulated 
large credits which they can now employ to further their 
own interests. Furthermore, money has come to these 
countries directly. The merchants and farmers are no 
longer forced to look to Europe for advances to handle 
their production; they now have that money at their 
disposal. The South American merchant has become an 
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investor upon a large scale and he has learned to invest 
in the public utilities of his respective country. Similar 
changes have come to all the other nations outside 
Europe and a great opportunity, therefore, has arisen 
for these countries to develop their resources. 


AMERICAN Power ENGINEERING Has Become INTERNA- 
TIONAL Factor 


THE WORLD’S power engineers are no longer relying 
entirely upon Europe for equipment. America has com- 
pleted its foreign trading organization and the American 
power equipment industry has become an important fac- 
tor in power development. During the second half of 
the war it fell to the lot of the American industry to 
supply large quantities of power material, electrical, 
gas, and steam, to other countries. Shipments have been 
slow in many cases, but it has been acknowledged fre- 
quently that, failing the American help, there would 
have been no hope for completing some of the most 
important power developments that have been finished 
during the war. 

-This puts an entirely new complexion upon power 
construction in non-European countries. A new com- 
petitor means greater independence on the side of the 
purchaser, and the American power industry has already 
shown that it knows how to handle the problems of its 
foreign customers. In fact, many of these problems are 
the problems of our own country. The risks of harness- 
ing big streams in territories difficult of access, of build- 
ing enormous dams, of constructing high power trans- 
mission lines, so often met by our own engineers right 
in the United States, are only duplicated in other coun- 
tries. Our advice, therefore, will be just as valuable 
to our prospective purchasers as the goods themselves. 
To make ourselves really useful now, it will be necessary 
for us to familiarize our industry with the conditions in 
our new markets. We must study new foreign develop- 
ments as we have studied our own, we must especially 
know what is going on in the foreign power field outside 
of Europe. 

News about new developments and possibilities for 
power construction comes from all corners of the world, 
and it is especially significant of the present state of 
development that many new countries have entered into 
the realm of industrial exploitation of their natural 
power resources. 


A PALESTINE PowEer SCHEME 


Ir 1s interesting to read of a scheme of irrigation 
and power production in Palestine that deserves atten- 
tion if only for the magnitude of its conception. Mr. 
Hiorth, a Norwegian power engineer, proposes to run 
a tunnel 37 mi. long to the Dead Sea. The tunnel is to 
pass underneath Jerusalem and will reach the Jordan 
valley above the level of the Dead Sea, which is lower 
than that of the Mediterranean. The water will then 
be directed by means of a pipe line to a power station 
which the promotors propose to utilize as follows: (1) 
for the production of nitrate from the air, for the extrac- 
tion of salt from the Dead Sea and for mining opera- 
tions; (2) for the distribution of light and power; (3) for 
a pumping plant on the Sea Genezareth which will sup- 
ply water to a large part of Palestine which is only im- 
perfectly irrigated at the present time. Large tracts of 
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country will be reclaimed in this manner for agriculture. 
The cost of such an enterprise, of course, would be con- 
siderable, but it does not seem to be so large as to be 
prohibitive. The tunnel is expected to cost $40,000,000. 
The power plant and irrigation works will add another 
$20,000,000. To make such an investment pay, it must, 
no doubt, produce very exceptional results; but if the 
company should decide to go into land development, and 
provide capital for industrial enterprises, taking its 
power, there should be sufficient income to pay the inter- 
est on such an investment and for the operation of the 
various enterprises connected with it. This development 
is typical of the new conception of power enterprise, 
where the power station leads the industry and provides 
the possibilities for its existence. It is in this respect 
representative of many similar power developments that 
are proposed at the present moment in Asia and in other 
parts of the world. 


Asiatic DEVELOPMENT 


ENGLAND is busy developing schemes of this char- 
acter in India. Irrigation on a large scale has formed 
one of the main interests of the English Colonial Gov- 
ernment during the last years. It has carried out, 
only quite lately, the large irrigation project of the Nile 
which has added thousands of acres of cotton fields to 
those of Egypt and a number of big enterprises are 
nearing completion in India and elsewhere under the 
guidance of the English Colonial Government. The 
present Indian proposal deals with the irrigation of the 
Punjab. The problems connected with this enterprise 
are rather extensive. Studies have been made for sev- 
eral years and one after another of the proposed schemes 
has had to be abandoned as impossible of execution under 
present circumstances. Now a new one is under con- 
templation which requires the construction of a dam in 
the Bhakra Gorge. This project, together with the other 
four which are to complete the whole scheme, will entail 
a total outlay of $110,000,000 and will provide a secure 
water supply for 6,000,000 acres of land. The stored 
water will be used for irrigation and for power develop- 
ment. 

In the meantime, the demand for power increases all 
over India and the East. Singapore in the Straits Set- 
tlements requires urgently additional power facilities 
and a new power station is contemplated in that city. 
The work on this scheme has been delayed by the war, 
as it was impossible to secure materials and general sup- 
plies. As this obstacle is now removed, it is expected 
that construction will proceed quickly and that all the 
consumers will be able to receive the required power. 

Chinese power development has suffered in many 
respects from the war. Coal that was obtainable under 
ordinary circumstances in satisfactory quantities could 
not be had and restrictions had to be enforced. So it 
became necessary to shut down on sky signs in the ports 
and the takings of the various electrical enterprises have, 
therefore, suffered. The situation is now improving. 
The power supply of China, as far as electrical power 
distribution is concerned, is still principally in the hands 
of private enterprises. Some of the large mines and 
steel works have their own power stations and have dis- 
tributed power to cities and industrial enterprises in 
their districts. The railroads have also been interested 
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in electrical power development. A great number of 
the smaller central stations are operated by Diesel motors. 
Water power is still made little use of as the large 
Chinese rivers offer few opportunities for that purpose. 
Considering the great industrial possibilities of China 
and its vast resources of cheap labor it may be expected, 
however, that China will soon show a considerable 
demand for industrial power which will have to be sup- 
plied in one manner or another. There has been a fair 
flow of orders for steam power equipment in the direc- 
tion of the United States during the war and some of the 
finest dynamos recently installed in Chinese electrical 
central stations have been of American make. 

Japanese engineers are said to be frequently in China 
and several of the smaller central stations are already 
operated with the aid of Japanese capital. The Japanese 
no doubt have the right conception of the power prob- 
lem in their own country. The leading principle in all 
Japanese power development, in fact, is that no power 
supply is good unless it is also cheap. Recent increases 
in power consumption rates that have been necessary, 
owing to the increasing operation cost, have been very 
small compared with the rate additions that have been 
enforced in other countries. But Japanese power engi- 
neers begin to wonder whether the growth of the indus- 
try can be maintained under these circumstances. Japan 
had one very unsatisfactory experience in power indus- 
try financing after the end of the Japanese war. Similar 
to present conditions, the war had caused a rather exces- 
sive industrial development all over Japan that could 
be sustained only by the extension of considerable credits. 
Many new power plants were put in operation during 
that time, some of which failed soon after the cessation 
of hostilities. As the result, there was a slump in power 
financing. Japan apparently benefited by her expe- 
rience and will put a curb on further power expansion 
until the industrial activity of the country begins to 
eatch up again with the supply. 


AcTIVITY IN NEw ZEALAND 


THE Most active field of power development during 
the war was New Zealand. Hydroelectrical power gener- 
ation in New Zealand is a governmental enterprise and 
the government also is mostly responsible for the early 
completion of the large Lake Coleridge power station 
in the South Island that was put into operation a few 
years ago. The construction of this large development 
proved to be a difficult engineering problem, as most of 
the material had to be obtained during the war. The 
necessary credits for developing three power sites in 
the North Island are now under consideration and $725,- 
000 was appropriated for preliminary work in connec- 
tion with these. The total development when finished 
will produce 160,000 hp. and the cost is estimated to be 
$35,000,000. To complete its scheme of power supply, 
the government has bought the Horahora Electric Power 
Works from the Waihi Gold Mining Co. The present 
plant is able to develop 9000 hp., but it is intended to 
extend it and to add another 6000 hp. to the output. 
This will come handy in relieving the present shortage 
of power supply in the city of Auckland where the two 
local power plants are no longer sufficient to fill the needs 
of the growing industry and the city lighting and tram- 
way system. Electrical power of course will not be 
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sufficient to satisfy all the power wants of the country 
but the development of the power sources included in 
the present plan will help a good deal in that direction. 
Coal is still difficult to obtain and a serious coal shortage 
would result from the slightest provocation, like a break- 
down of the transportation system, a strike, or any simi- 
lar occurrence. Much of the electrical equipment that 
was employed in constructing the hydroelectric power 
stations of New Zealand was obtained in the United 
States. 


Nor Mucx Activity m1 SoutH AMERICA 


In SourH America no large developments are under 
way at the present time. Most of the enterprises that 
are under construction are of a local nature only; but 
the actual possibilities are doubtless considerable. The 
Andes and the rapid eastward descent of the middle 
South American plateau offer excellent opportunities 
for the construction of hydroelectric power stations and 
with the return of security to the investor, there will 
also come the time when some of these can be taken in 
hand. In Brazil, much progress has been made with the 
electrification of the governmental railroads, but no com- 
prehensive plan so far has been developed. The elec- 
trical central stations in the interior of South America 
are operated today mostly by Diesel motors, as these 
provide the easiest means of bringing the fuel to the 
motors. Coal is used practically only in the ports and 
in cities that can be reached by water. This has acted as 
a serious impediment to power development in South 
America. A careful study of all the hydroelectric pos- 
sibilities, therefore, is under way, but is hampered by 
the astonishing lack of information in the possession of 
the South American governments about the locations for 
such enterprises. Various commissions have been ap- 
pointed for that purpose and these are proceeding now 
to survey the water powers of the continent with a view 
to selecting the most promising for the erection of power 
plants. The natural powers lying dormant at present 
all over South America are very considerable and if 
developed will practically end the present power dif- 
ficulties of its industries, railroads and cities. 


READ ABouT the achievements of great men. Follow 
word for word the nobleness of their character, the tre- 
mendousness of their power, the sublimeness of their 
aim. You feel in the ideal the very same which they 
so wonderfully wrought in the real. Place yourself in 
mental contact with genius and greatness in any form 
or manner, and you are invariably inspired with a 
desire to go and do likewise. You will aim higher than 
before; you will work with greater determination than 
before ; and every dormant faculty within you will come 
forth, one after the other, to work for some greater and 
nobler goal. There is greatness in man. When you 
meet greatness in others, the greatness in yourself is 
awakened.—Christian D. Larson, in ‘‘ Business Inspira- 
tions.”’ 


JOURNAL OF COMMERCE announces that aggregate 
authorized capitalization of shipping and shipbuilding 
companies organized during January amounted to 
$76,305,000, this figure standing as second highest invest- 
ment in new shipping enterprise for any one month 
since outbreak of war in 1914. 
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Eliminating Fuel Waste in Power Plants 


SUGGESTIONS ON THE Use or ExuaAust STEAM FoR HEATING A NUMBER 
oF DweE.LInes AS A Means or Savina Coat. By CHarues L. Hupsarp 


HILE PASSING through a section of a large 
New England city recently, I particularly noticed 
a modern, two-story brick shop flanked on either 


side by a row of three-story tenement houses, presum-" 


ably occupied, in part at least, by employes of the shop. 
The thing which especially attracted my attention, how- 
ever, was the cloud of steam issuing from a pipe project- 
ing through the wall of the power house, which, on 
investigation, proved to be the exhaust from a high- 
speed engine. The steam was being discharged hori- 
zontally for 20 ft. or more from a 5-in. pipe. If cir- 
cumstances had permitted, it would have been interest- 
ing to have visited the shop and learned the method 
employed for heating, whether exhaust steam was used 
or live steam taken directly from the boilers. 

Let us approximate the quantity of heat going to 
waste in that exhaust steam. A 5-in. straight pipe, 
40 ft. long, supplied with steam at 1 lb. pressure and 
discharging into the atmosphere will deliver about 6000 
lb. per hour. Suppose this steam could be conveyed 
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FIG. 1. LAYOUT OF EXHAUST HEATING PLANT FOR HEATING 
A NUMBER OF HOUSES 


to the basement of the adjacent building with a radiation 
loss in well insulated pipes not exceeding 15 per cent, 
leaving available 6000 X 0.85 —5100 Ib. of steam at, 
say, 1 lb. pressure and containing 5100 * 968 = 4,936,- 
800 heat units. One pound of anthracite coal contains 
about 13,000 heat units, and if 45 per cent of these are 
utilized in the heating boiler of the average tenement 
house, then the heat wasted is equivalent to 
4,936,800 

—_—_—_—_—_—_— = 844 Ib. of coal per hour or 844 k 8 = 
13,000 0.45 
6752 lb., or 3.375 tons per working day, when used under 
the conditions noted above. 

Suppose this steam was piped to a sufficient number 
of houses to utilize, in zero weather, the full quantity 
now wasted, and as the outside temperature rose, and 
radiators were closed, the surplus was exhausted through 
a relief valve. For New England, and similar climates, 
it is customary to assume a heating season of about 7 
mo. and an average outside temperature of approxi- 
mately 35 deg., when making fuel estimates. 





Under these conditions, we have a heating season of 
210 days and would be able to utilize one-half the exhaust 
now wasted, under the conditions assumed. If the heat 
equivalent of 3.3752, or 1,688 tons of coal, can be 
utilized per day for the entire heating season, it will 
amount to a total of 1.688 * 210— 354 tons per year, 
worth to the tenants, at present prices, about 354 X 13 
== $4602. If steam could be supplied to the occupants 
of the houses at the cost of coal, thus eliminating all care 
of furnaces, handling of ashes, ete., it would prove an 
attractive inducement. 

The number of buildings which can be supplied will, 
of course, depend upon the amount of radiation which 
they contain. Assuming for example that each flat has 
200 sq. ft., then each six-flat building will contain 200 
xX 61200 sq. ft., and increasing this 10 per cent for 
piping will give a total of 1200 X 1.1—1320. If the 
radiation has an efficiency of 250 heat units per square 
foot per hour, then 250 968 = 0.26 lb. of steam will 
be condensed per square foot of radiation per hour, or 
1320 0.26 = 340 lb. per building. The total available 
steam is 5100 lb. per hour; hence 5100 ~ 340 — 15 build- 
ings of the type under consideration may be heated 8 hr. 
per day in zero weather with the steam now going to 
waste, and with a saving of nearly $5000 per year in 
eost of coal. 

In many eases, a large proportion of the exhaust 
steam is employed in heating the buildings of the plant; 
but in other instances the power requirements may be 
large in proportion to the heating load and there will 
be surplus exhaust going to waste. If the plant is located 
in a thickly settled section, it may be possible-to dispose 
of this to advantage in a manner similar to the case in 
hand and make it pay a good dividend upon the cost of 
installing the mains. Whether or not it will pay to 


* attempt to return the condensate to the boilers will de- 


pend somewhat upon the grades and the cost of install- 
ing a second line of piping. If the position of the power 
house is such that the condensate will flow back to a 
receiving tank by gravity, then this matter should be 
considered and figures obtained for installing the extra 
line of pipe. 

Steam can be distributed at the lowest pressure which 
will circulate freely through the most distant radiators 
and the condensation from each building discharged into 
the return main through a siphon trap. 

Going back to the original proposition, it should be 
noted that utilizing the exhaust only provides for heat 
8 hr. per day, so that it will be necessary to piece this 
out at both ends by the use of live steam. This will not 
require any additional apparatus, unless it be a reg- 
ulating valve for reducing the pressure, as the boiler 
power will be ample for all heating purposes when the 
engine is not running. It will be necessary, however, to 
get up steam earlier in the morning and to carry it for 
4 or 5 hr. later at night, thus calling for the services of 
an assistant fireman. 

In the illustration given it was proposed to connect 
up only such a number of houses as could be cared for 
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by the available exhaust in zero weather, and waste 
the surplus when the outside temperature was above 
that point, in order not to complicate matters in any 
way. If, however, this scheme is to be carried out on 
any considerable scale it would be best to connect with 
as many buildings as could be cared for at a much 
higher outside temperature and make up the deficiency 
by admitting live steam when the temperature fell below 
that point. 

Suppose as many houses were connected with the 
system as could be heated with the available exhaust 
when the outside temperature was 20 deg., and live steam 
was used to piece out when it fell below that point; no 
exhaust would then be wasted until the temperature rose 
above 20 deg., and the loss for the season would be 
greatly reduced over the original proposition. 

With the distributing mains in place, heating by live 
steam to a certain extent would prove profitable on a 
basis of the ordinary cost of heat to the consumer, owing 
to the higher efficiency of the power boilers (60 to 70 
per cent) as against that of the house-heating boilers 
(40 to 50 per cent). Furthermore, the cost of coal per 
ton would be somewhat less for the power plant, due 
to the cheaper grades of fuel which it is possible to use 
and also to the benefits to be derived from buying.in 
larger quantities. In cases of strikes, and coal shortage 
from other causes, the power plant is more likely to have 
a larger supply on hand than the average householder, 
and furthermore, the same coal is made to do the double 
duty of furnishing both power and heat. 


Whether or not additional boilers would be required 
if live steam were required for heating at temperatures 
below 20 or 25 deg. would, of course, depend upon local 
conditions. In many cases, it is possible to increase the 
boiler capacity 50 to 100 per cent without appreciable 
loss of efficiency by installing mechanical soot blowers 
to keep the heating surfaces clean, combined with more 
efficient methods of firing. If the draft is not sufficient 
to burn the required amount of fuel at times of max- 
imum load, it may often be strengthened sufficiently by 
installing an under-grate blower of the ‘‘turbo’’ type, 
for temporary use as may be required. 

Let us see what increase in boiler power would be 
required in the present proposition if a sufficient number 
of houses were included on the line to use all of the 
exhaust now going to waste, with an outside temperature 
of 20 deg., instead of zero, as was originally taken. The 
steam being exhausted to the atmosphere was assumed 
to be 6000 lb. per hr. If 20 per cent of that supplied 
to the engine was used in doing work and lost in radia- 
tion, ete., then 6000--0.8—7500 Ib. per hr. was required 
of the boilers. At a temperature of zero outside, or a dif- 
ference of 70—0—70 deg. between inside and outside, the 
steam requirements of each house were found to be 340 
lb. per hr. With an outside temperature of 20 deg. this 
difference would be 70 — 20 — 50 deg., and the steam re- 

50 
quirements would be only —— 0.7 as much as before, 
70 
or 340 X 0.7 = 238 lb. per hr. Under these conditions, 
when the outside temperature dropped to zero, it would 
be necessary to supply each house with 340 — 238 — 102 
Ib. of live steam per hour, which, increased 15 per cent 

for line losses, would be 102 & 1.15 = 117 lb. 
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Going back a little, we found that only 0.7 as much 
steam was required for heating when it was 20 deg. 
outside as when it was zero; hence, 15 -- 0.7 = 21 houses, 
instead of 15, could be heated at this higher outside 
temperature with the steam now going to waste. If 
117 lb. of live steam are required per hour per building 
in zero weather for supplementing the exhaust, then a 
total of 117 X 21 = 2457 lb. will be required, making the 
total load on the boilers 7500 +- 2457 — 9957 lb. per hour, 
or an increase of 9957 -- 7500 —1.33, or 33 per cent, 
which should easily be possible by forcing, if the orig- 
inal load was carried on a nominal rating. 

Now, let us make a preliminary plan, showing the 
method of laying the mains and making the necessary 
connections, assuming the grades to be such that the 
condensate will flow back to a receiving tank in the boiler 
by placing it in a pit. 

The general layout of the underground pipe mains 
is shown in Fig. 1, with the sizes of the supplies marked 
on the plan. These sizes are for a low-pressure distrib- 
utor not exceeding about 2 lb., so as not to throw an 
increased back-pressure on the engines over that which 
might naturally be expected when exhausting outboard. 
The main returns are also indicated in Fig. 1, and the 
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FIG. 2. ARRANGEMENT OF PIPING IN THE POWER PLANT 


branches to the individual houses in Fig. 3. The under- 
ground mains, both supply and return, should be car- 
ried inside a tile conduit, packed with insulating mate- 
rial, or protected by other methods suitable for this 
class of work. 

Typical power house eonnections are shown in Fig. 2. 
A back-pressure valve is placed in the outboard exhaust 
pipe, and the line extended in the other direction to the 
9-in. heading main, through an oil separator. Live steam 
connection is made with the main header over the boilers, 
and a pressure-reducing valve and bypass are provided, 
as indicated on the drawing. This piping is all overhead 
and drops into the underground trench at the point 
ce mee? 

A typical basement layout in one of the houses, in 
which each of the six apartments has its own boiler, 
is shown in Fig. 3. The old boilers and all of the piping 
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are allowed to remain in place, and connection made 
the three extreme ends of the line, the condensation may 
from the central system as shown on the drawing. At 
discharge directly into the underground return mains, 
because the pressure is lowest at these points. In all 
intermediate buildings a siphon trap should be inserted, 
as shown in Fig. 3, to balance any inequality of pressure 
and prevent the holding back of condensate from points 
beyond. 

In case any of thie houses are heated by a single boiler, 
and have janitor service so far as the heating goes, the 
pipe connections will be much more simple, as indicated 
in Fig. 4. The size of the return in this case is given 
for a vacuum system, which would be necessary if the 
grades were such that the condensate could not drain 
readily to the boiler room. 

In a perfectly level location it would be better to use 
a vucuum pump on the main return, discharging into 
the receiving tank. This would make it unnecessary 
to pit the receiver and make the return more positive. 
Thermostatic return valves would not be necessary on 
the radiators, as the action of each building would be 
the same as when working under a low-pressure gravity 
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arrangement connected with its own boiler. There should 
be a thermostatic trap, or other suitable form, at the 
point indicated in Fig. 4, where the house return con- 
nects with the main underground system, which is under 
a vacuum, 

With this plan, the main return to the boiler house 
could be reduced from 5-in. to 314-in., and the 4-in. 
branches to 214-in. The vacuum pump for this layout 
should have a 7-in. steam cylinder, 9-in. valve cylinder, 
and a 12-in. stroke. The normal suction for such a pump 
is 6 in. in diameter, which should be bushed down to 
3% in. to correspond with the main return. With this 
description and the accompanying diagrams, it should 
not be difficult to block out a similar scheme in any 
given case where conditions are approximately the same 
as in the illustrations, and obtain an estimate on the 
cost of installation. Data and computations here given 
are for the purpose of showing methods rather than 
actual results, as the latter would have no particular 
value except in the present case. 
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Safe Speeds During Turbine Runaway 
Tests 


O WELL recognized is the value of the periodic in- 
spection and test on the overspeed tripping device 
of the turbine governor mechanism in the com- 

panies operating many turbines, that it is religiously 
made as often as once a week in most plants. The emer- 
gency trip mechanism may easily lose its delicate ad- 
justment and either operate at too great a turbine speed 
or fail to operate at all, and occasional corrections on 
its adjustment are necessary to keep it operative within 
the desired range of speed values. 

The overspeed test is made by bringing the turbine 
to speed, then by making its hydraulic governor inoper- 
ative, allowing it to accelerate until the emergency trip 
operates and closes the throttle valve. This tripping 
point will be at somewhere from four to thirteen per 
cent excess speed. One of the objections to the fre- 
quent testing of the emergency trip on large units is 
the possible strain on the unit due to this excessive 
rotative speed. 

This has been overcome in one plant by the establish- 
ing of an artificial normal speed during the runaway 
test by the addition of a counterweight to the tripping 
block of the emergency-trip ring on the governor shaft, 
thereby increasing the centrifugal force developed at the 
tripping block for a given speed. The counterweight 
is a small piece of metal that is attached to the block 
by a screw. The counterweight was furnished by the 
turbine manufacturer, and on test was found to effect 
a 12 per cent reduction in turbine speed while de- 
veloping the same centrifugal force at the tripping 
block as at normal turbine speed without it. 

This makes the full speed of the turbine only 88 per 
cent of normal during the test; then if the emergency 
trip functions at, say, 96 per cent of normal speed, this 
is equivalent to 96 minus 88, or 8 per cent excess speed, 
and the trip may be said to operate at that figure of 
8 per cent overspeed. The unit, of course, must be at 
rest when the counterweight is attached or removed, 
and the turbine rotor must be turned over until the trip- 
ping block is brought to a position where it is convenient 


to reach. 


Pror. H. H. Stock, of University of Illinois, is pre- 
senting storage possibilities of soft coal before American 
Institute of Mining and Metallurgical Engineers, New 
York, stressed the fact that purchase and storage of coal 
during spring and summer months were absolutely 
necessary for supply regularity or production regularity. 
S. L. Yerkes stated that car shortage stands out above 
all troubles of the coal industry. ‘‘Never in the history 
of the coal industry,’’ he said, ‘‘has a surplus of approxi- 
mately 250,000 open tops cars available for coal loading 
been wiped out and changed to a shortage of approxi- 
mately 75,000 cars in 8 mo.; yet such are the facts, as 
on April 1, 1919, there was an approximate surplus of 
250,000 open top cars, while today a fair estimate of 
the shortage is 75,000 cars.’’ 


Wuar other engineers find worth while will in many 
cases prove worth while for you. 
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At Firtren He ENTERED THE SHIPPING BUSINESS. 


ENGINEERING 
oe 
CLIFTON H. WHEELER 
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LATER BEcAME INTERESTED IN CONDENSERS, 


AND DEVELOPED New Typss. AN Active EXECUTIVE AND SuccEssFUL ENGINEER. By T. ROBERTS 


HAT is an engineer? Webster defines such a 
man as one versed in or practicing any branch of 


engineering. 

But what is a successful engineer? 
who has acquired advanced 
knowledge through study and 
practice, he who has a for- 
ward look, a genial smile, 
and the ability to utilize op- 
portunities—a man of the 
type of Clifton H. Wheeler. 
His record is one that any 
young engineer or business 
man can study to advantage. 

Owing to the death of his 
parents when he was quite 
young, Mr. Wheeler’s school 
days were interrupted and at 
the age of fifteen he started 
working in the importing and 
exporting house of Lawrence 
Giles & Co. New York. 
Though he advaneed quickly, 
he was not satisfied with the 
future prospects of that con- 
cern and so formed a partner- 
ship with an old time steve- 
dore under the firm name of 
Wilson & Wheeler. 

Mr. Wheeler did not like 
the practice then prevailing 
whereby each captain of a 
ship arranged for its loading 
and unloading, as it was 
neither a clean nor a satis- 


Briefly, it is he 


oe 


At that time, surface condensers were used only in 
salt water service on ships. Where condensing engines 
were sold in this country only jet type condensers were 
used and they were built in most cases by the engine 
builders and were of different 
designs, all more or less un- 
successful. C. H. Wheeler 
was able to see a great future 
for the surface condenser 
for stationary plants and 
started out to build up this 
demand by education of col- 
lege students and informing 
the engine builders and users 
of its advantages. Success 
was forthcoming after much 
hard work, and he organized 
the Wheeler Condenser & 
Engineering Co. in 1891, 
serving as president and 
general manager of that 
company until 1904. That 
the business was established 
on a firm basis and dur- 
ing an exceptionally trying 
period of business in this 
country was due in a great 
measure to his enterprise and 
foresight in developing the 
condenser field in Great 
Britain and her colonies. 
There the American design 
and equipment quickly sup- 
planted the older types of 
condensers, and for several 


ccamemeaanee™ 





factory condition for his con- 
cern or the shipowner. He 
inaugurated a new plan in that business, went to Eng- 
land and succeeded in closing contracts with two large 
owners to handle their ships in New York harbor. This 
started a movement which led to all shipowners making 
similar agreements and in turn revolutionized the busi- 
ness in New York. 

About this time his brother, S. Merriam Wheeler, 
who was a marine pump expert and engineer well known 
in marine circles, showed him the advantages of the 
surface condenser and its adaptability for stationary 
plants. Immediately he grasped the possibilities of the 
business and its future. This was early in the year 1888. 
He then left the loading and unloading of ships to 
devote his entire time to condensers. 


— 


years he equipped all the 
principal power plants in 
Great Britain with condensers. This was all done by his 
individual efforts, involving many trips to England and 
other countries of Europe; and at the same time, Edwin 
Reynolds was making similar progress with the E. P. 
Allis Co. engines. 

With the advent of the steam turbine came the de- 
mand for higher vacuum. Using foresight again and 
taking advantage of another opportunity, Mr. Wheeler 
secured the American rights for the Edwards Air Pump. 

In 1905 he took charge of a bankrupt pumping en- 
gine plant, the Barr Pump Co. of Philadelphia, and 
resumed once more the building up of another con- 
denser concern, the C. H. Wheeler Mfg. Co., to develop 
new and improved types of condensers for higher 
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vacuum. He introduced successfully the reciprocating 
suction valveless wet vacuum pump, the rotary positive 
displacement wet vacuum air pump, and the hydraulic 
entrainment air pump, which was designed and devel- 
oped at about the start of the war in Europe in 1914. 
When this pump was about to be adopted, it became 
apparent to Mr. Wheeler that it was necessary to sim- 
plify the air pump problem of a power plant by a steam 
ejector type of air pump. All entrainment pumps had 
shown the necessity of an improved method of remov- 
ing air from a condenser. An opportunity occurred 
again and he was able to guide the development of the 
successful steam air ejector in American power plants. 
These are but a few of the ways in which he has con- 
tributed to better power plant operation. 


In all business associations, Mr. Wheeler has had 
the affection and esteem of his employes. His only dif- 
ferences with his co-directors or partners have resulted 
from his continuous efforts for advancement of methods 
and design, his endeavor to stand high in the particular 
branch of business with which he specialized. 


For his associates he has always had available loyal 
men who have found by close association with him that 
he appreciates their efforts, rewards them and encour- 
ages to further advances. 

He has raised a family of seven children; is a devotee 
of golf, which he says has aided him in maintaining his 
health and vigor, and helps him to keep up the strenu- 
ous pace in business that he has maintained for 
over 47 yr. 

Mr. Wheeler is a member of the A. S. M. E., mer- 
chants’ Association, Machinery Club, Manufacturers’ 
Club, Seaview Golf Club, Whitemarsh Valley Country 
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Club, Royal Societies Club and others. He is a director 
in several industrial concerns, one national bank and 
two insurance companies. 


Power Generated by Public Utlities 


HE ACCOMPANYING tables, recently compiled 
i E= the United States Geological Survey, compare 
the production of electric power and consumption 
of fuel by public utility power plants in the various 





TABLE I, ELECTRIC POWER PRODUCED BY WATER POWER AND 
FUELS IN PUBLIC UTILITY PLANTS 
























































THOUSANDS OF KILOWATT-HOURS PRODUCED 
BY WATER POWEH | " BY FUELS 
State february] March | April July February March april | July 
Alabasa 39,342 30,276 | 28 26,443 11,069 4,477 
Arizona 3,967 6,688 a 72478 17443 16,488 
A 6,258 
California 187,486 | 216,914 jaae,77 200,688 38,268 ssipas 
Colorado 13,141 14,254] 16,01: 14,947 17,279 14, 
pe a 7,083 16,006 15,804 6,945 42,589 35,626 
District of Columbia) ° ° 3 ne!ope 13’ aer 
Florida ere 692 77 942 5 7,776 
Georgia 35,909 37,866) 31,40 34,334 6,054 2300) 
Idaho 41,450 39,915| 36,01 60,209 386 
puasaote 16,611 16,282 | 16,134 15,323 198,899 207,67 194,109 
ndiana 3,003 3,04) 3,61: 2,736 63, 61,980 
owa 44,183 48,696 | 48,737 61,803 23,993 23,64 
Kansue 1,267 1,233 as 961 29,619 0,870 
Kentucky 4 4 4 4 16,7% 18,555 
Loutetana ° ° ° ° 16,130 146,882 
Heine 16,631 20,167 18,708 17,678 93) 
68 11,442 
Massachusetts 18,896 | 31,36| 52,328 15,163 101,799 | 100,080] 90,601 
ui . 62,236 20,088 © ,21 60,048 ke 88,565 
Missieoipri aa =| mime Stis ber 
ri 4,297 5, 4,41 2,287 37,207 40,661 36,245 
Montana 8,408 77,869) 77,653 83; ea) 
Nebraska 748 1511 1,302 16,493 16,413 16,004 
ada 3,198 2,813) 2,47 2,559 7a 
New Hampshire 4,946 6,763) 6,685 4,499 2,309 2,114 1,696 
New Jersey 16 i” 187 151 78,666 76,412 76, 642 
Sen York 196,218 | 228,078 la20,607 |  a12,n¢4 nea'27 | a08'st| 27 
’ 2,038 0,644 
orth Caroling 43,665 | 46,318| 45,758 45,317 Tol49 74g 7,088 
° 2,108 
cate 3,065 5,933) 5,565 2,378 169,062 196,937 183,703 
ahoma 67 149 161 13,080 13,796 12,989 
Orga 27,876 29,113 | 37,248 29,150 4,754 3,769 3,639 
enneylvania 56,098 €3,509| 68,466 62,648 238,970 | 246,980) 233,597 
moos Ie +t 862 1,042 726 240 28,767 16,406 16,839 
South Carolina 43,899 | 43,894] 43,287 42,649 3,876 4,010 3,676 3,480 
South Dakota 2,683 3,579| 4,106 3,468 2,049 3,208 1,920 2,920 
= see | vse ae | at | oe | isa] eis) ust 
Utad 13,135 | 15, 17,486 18,40 sa aml) tpl ee 
ve 15,428 18,674 19,408 1g ry 179 7 
4 rginia 17, 20, 19,298 17, 17,2654 18,709 16,539 19,836 
jasbington 70,779 79,346 74,576 79,881 4,171 4,631 4,166 5,434 
feat Virginia 1,378 1,593} 1,642 1,509 83,620 68,108 59,396] 66,623 
Tieconsin 32,534 47,631| 46,880 413512 32,916 33,076 24,682| 27,637 
omin, 248 172 138 179 3,315 3,603 3,249 5,386 
Total 1,148,634 |1,306,389506575 | 1,213,729 | 1,634,222 | 1,641,642 | 1,717,583/1,928, 617 
Total, by water power and fuele 2,962,866 | 5,149,871 | 3,086,096 |5,142, 46 














Average Zaily output in kilowdtt-houre: February, 106,551,000; March, 
101,689,000}. ApEiT, 100,670,000; and duly, 101,868,000. °° 


A 12000. 
Percentage of total output erg by water power: February, 39; 
March, rN a July, 39. i 


April 43; an 





















































TABLE II. FUELS USED BY PUBLIC UTILITIES IN PRODUCTION OF POWER 
Coal Petroleum & Derivatives Katural Cas 
Short tone Rarrelse Thousands of cubic feet ; 
State February March April July February March April July February March April July 
Alabama 27,026 16 5467 14,836 15,458 8 8 8 8 ° ° 3 4 
Arizona 6,316 315 124,520 88,011 65,824 61,030 
Arkansas 13,386] 11,177 9,902 8,364 "447 "489 "456 "450 63,430 | 85,398 97,726 | 182,848 
California : t 0 ‘ ° pes ° 109, 388 106,187 10,e53 660,799 21,611 | 161,785 378,642 —_a 
colorado 41,5 44,079 36,1365 888 00 5 
Connecticut 63,942 62,234 58,094 67,513 333 323 279 213 20,766a| 12,6160 11,309a) ° 
Delasare 8,610 7,713 7,000 6, ° 17 ° ° ° ) J ° 
District of . 14s 9 ° ° ° ° 
Columbia 21,418 21,440 20,983 21,4 ° 
Florida 3,424 5,594 3,056 3,193 82,714 | 32,086 28,785 | 30,745 96 161 3,780 0 
Georgia 16,529 x 12,009 13,560 120 120 167 2,386 ° 9 ° ° 
iilin 309 24 aT 1 ois 2 138 2 us 984 ° 3 8 6 
Illinoie 336,309| 350,824 318,378 304,160 - 3,918 , 
Indiana 141,060] 157,931 143,829 142,587 "448 4 "420 402 2,169 | 2,108 1,909 1,878 
Iowa 86,745 79,694 72,211 69,703 787 730 743 720 0) ic) 
Kansas 47,688 51,022 48,636 60,817 47,747 60,803 58 ,432 60,742 83,405 | 86,901 65,374 80,846 
Kentucky 38,262 39,386 37,380 39,390 4 35 353 ° ° i?) 
Louisiana 14,305 13,885 13,878 11,324 30,811 { 50,094 28,192 30,508 56,092 47,458 49,699 63, 624 
Maine 357 534 7 7 17 ° t) 
Maryland 28,462 23,667 20,755 25,951 19 18 30 30 1,600 1,600 1,500 1,360 
Massachusettes 129,171 143,525 129,877 30, 24 14 17 21 0 ° ° 
Michigan 129,417} 124,941 3,623 129,612 191 139 204 ° ° ° 0 
Minnesota 57,282 39,810 25,038 25 ,866 1,138 1,016 854 832 ° ° 0 ° 
Mississippi 16,381 16,542 16,008 13,272 370 $ll 443 0 ° ° ° 
Missouri 86, 645 89,531 82,143 82,045 33,671 21,058 19,519 18 ,847 ° ° ° ° 
Montana 5,537 5,591 5,455 4,894 530 92 1,008 960 907 912 
Nebraska 29,946 30,966 29,813 31,904 3,512 3,509 3,433 3,387 ) ° 0 0 
Nevada 198} - 180 140 195 900 | » 1,044 997 1,780 ) ° 0 0 
New Hampshire 5,396 3,911 3,241 5,808 20 20 ° ° r) 0 
New Jersey 112,366 116,711 er ae x 4 92 108 - 80 4 4 3 : 3 
New Mexico 4,045 4,438 5,6: 1,060 1,360 378 1,610 
Nea York 368,56S| 363,338 325,474 386,004 544 "546 "501 15224 149,831 | 164,408 147,432 56,949 
North Carolina 38,008 seenne 1se8 stone 20 #0 4 an 4 4 4 2 
North Lakota 6,638 7,158 4,473 539 514 5 53 
Ohio 314,873| 321,643 289,610 283, 658 739 842 764 689 250,488 | 523,520 533,684 512,586b 
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states for the months of February, March, April and 
July, 1919. It is interesting to note that practically 
40 per cent of all power developed for public use comes 
from hydroelectric plants. Without question, this per- 
centage will be increased as the result of the passing by 
Congress of a water power bill designed to stimulate 
development of our natural water-power sites. 

These figures do not, however, include industrial 
plants, which more than likely would bring the per- 
centage of hydroelectric power down, as the principal 
developments are for public utility service. 

The comparative importance of coal, fuel oil and gas 
as fuel for power plants is well illustrated in the sec- 
ond table, which, also indicates the localities in which 
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the different fuels are used most extensively ; presumably 
the most economical fuel is used. 

These reports are based on returns received from 
about 3000 electric power plants engaged in public serv- 
ice, including central stations, electric railways, and 
certain other plants which contribute to the public sup- 
ply. Returns were received from plants whose aggre- 
gate capacity of generators is about 90 per cent of the 
total installed capacity of generators of public utility 
plants. Estimates of the output of plants which did not 
submit returns were made from available information. 
The figures given are subject to revision in subsequent 
statistical reports of the United States Geological Survey 
relating to power production. 


Vertical Hydroelectric Thrust Bearings 


DESCRIPTION OF THE Four Most Common TYPEs, 


AND Notes ON THEIR CARE. 


FFICIENT single runner vertical hydroelectric 
F. units could not have gained their prominence in 

the -last few years without the development of 
reliable thrust bearings. The success of these bearings 
depends upon the attention given them during opera- 
tion as well as during erection, and in view of this fact 
it is well for the hydroelectric operator to familiarize 
himself with the different types. 
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Fig. 1. SECTION THROUGH CAST-IRON THRUST BEARING. 
A—HOUSING, B—SPLIT RING, C—THRUST COLLAR, D—OIL 
RETAINER, E—THRUST PLATE, F—HOUSING COVER, G—AD- 
JUSTING SCREWS, H—ADJUSTING SHIMS, K—SHAFT, 
L—WATER COOLING COILS 





Thrust bearings run in a bath of oil at all times and 
in the past it has been customary to circulate this oil 
through cooling coils to remove the heat as fast as it is 
generated in the bearings. In this case, gear- or belt- 
driven pumps are used for individual circulation, or 
the oil may be pumped through a central oiling and 
filtering system. When the oiling systems for the thrust 
and guide bearings are separate, operators may be 
inclined to underestimate the importance of continual 


By L. W. Wyss 


circulation in the guide bearings, attaching more impor- 
tance to the thrust bearing circulation; however, an 
interruption to circulation of oil in guide bearings will 
result in serious trouble, as the bearing will soon heat 
and wipe the babbit, while, on the other hand, the thrust 
bearing will only heat slowly when the oil does not cir- 
culate. Instead of circulating the oil for thrust bear- 


ings, water cooling coils placed in the thrust. bearing 
housing are gaining in favor, as this is the cheaper and 
simpler way to remove the heat of friction from the oil. 
Some thrust bearings are located under the generator, 


FIG. 2. VIEW OF BEARING AND HOUSING IN FIG. 1 SHOWING 
THRUST PLATES 


but it is now agreed that the proper place for them is 
on top of the generator. 

The following paragraphs describe the four principal 
types of thrust bearings supplied by American manu- 
facturers. 

The bearing shown in Fig. 1 has no babbited running 
surface, as both the revolving and stationary thrust 
plates are made of a special close grained iron, the sur- 
faces of which are carefully machined and scraped. 
Adjusting shims, H, are provided under the adjusting 
screws, G, for alinement. These shims are U-shaped 


‘washers which are tightly clamped under the heads of 
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the screws so that the screw threads carry none of the 
rotor weight. There are grooves in the thrust bearing 
plates so that a continual supply of oil will reach the 
bearing surfaces. Water for the cooling coils is usually 
obtained from the reservoir at hydroelectric stations. 
Figure 2 shows the housing and thrust plates as located 
on top of the generator. 

The bearing shown in Fig. 3 consists of about four, 
six or eight segmental babbited bearings upon which the 
thrust collar runs. Each of these bearing shoes has a 
single pivot support located toward one end of the shoe 


FIG. 3. THRUST BEARING WITH THRUST PLATE RUNNING ON 
BABBITED SHOES 


slightly beyond the center of gravity in the direction 
of rotation. This arrangement allows a wedge-shaped 
film of oil to form between the shoes and thrust collar. 
Figure 3 shows this type of bearing provided with 
jack screws to adjust the individual shoes to carry their 
proportional part of the weight. Lock wrenches are pro- 
vided to make sure that the jack screws do not turn. 
Sometimes this type of bearing has no adjustments 
for the shoes, complete confidence being placed in accu- 
rate machine work and erecting. Frequently a leveling 
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THROUGH BEARING IN FIG. 3 


washer is used upon which the shoes rest, and which 
compensates for any slight misalinement of the shaft. 
Still other types have their shoes adjusted by wedges. 
Figure 4 shows a section of the bearing illustrated in 
Fig. 3. 

Figure 5 shows a spring thrust bearing. The cast- 
iron rotating ring runs on a babbited ring supported by 
a great many short helical springs. A distinctive feature 
of this thrust bearing is that it will automatically adjust 
itself while in operation if there is a loss of alinement 
due to the settling of the foundation or other causes. 
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Figure 6 shows a cross section of a combined thrust 
and guide bearing. The bearing has water cooling coils. 
Grooves in the bearing rings supply fresh oil during 
operation. 

Figure 7 shows a broken away view of a combination 
roller thrust and guide bearing. The roller bearings 


f 





FIG. 5. SPRING THRUST BEARING 


rest on self alined washers to assure an evenly distributed 
load on all the rollers by adjusting them to any slight 
inaccuracies in its support. The rollers are staggered 
so that it is impossible for them to wear grooves in the 
steel plates between which they roll. 
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FIG. 6. COMBINED GUIDE AND SPRING THRUST BEARING. 
1—RETAINING RING, 2—THRUST COLLAR, 3—OIL DEFLECTOR, 
4-GUIDE BEARING, 5—STATIONARY RING, 6—SPRINGS, 7— 
DOWELL PIN, 8—OIL WELL TUBE, 10—SUPPORTING RING 
FOR OIL WELL TUBE, 11—COOLING COILS 


Instances have been known where a general feeling 
of uneasiness existed among the crews of hydroelectric 
plants because the thrust bearings were running rather 
warm. This is to be expected with some thrust bearings 
and no alarm should be felt, unless the temperature has 
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increased higher than it was accustomed to be under 
the same conditions of room temperature, effective head 
of turbine, amount and temperature of circulating 
water. 

Thrust bearings often squeak just at starting; this 
is to be expected, as the oil film has not formed between 
the bearing plates as yet. Vertical machines should not 
be allowed to run at extremely low speeds for any length 
of time, as the oil film may be so thin that certain points 
of the bearing may rub, causing the babbit to wipe. As 


FIG. 7. VIEW OF ROLLER THRUST BEARING BROKEN OPEN TO 
SHOW DETAILS OF CONSTRUCTION 


a general rule, vertical machines should be started and 
stopped without delay. To stop them quickly, the field 
switch may be left closed until the machine comes to rest. 
Some generators have air brakes for this purpose. 


Injector Trouble 
By H. W. Rose 
N discovering the cause of the various difficulties under 
which an injector may be laboring, we had better 
start at the foundation and check every detail and 
see whether it is correct. 

For instance, when an injector fails to get the water 
there are several causes which must be thoroughly in- 
vestigated before proceeding further in search of the 
trouble. The supply may be cut off; i. e., no water at 
the source; strained, clogged suction pipe hose or valve 
stopped up; if a hose is used, its lining may be loose, 
which will frequently cause the trouble. After thor- 
oughly convincing yourself that thus far that portion 
is as it should be, proceed to the next step. 

A large leak may be in the suction line; but care- 
fully note that a small leak will not prevent the injector 
from getting its water, but will cause it not to work. 
The water may also be too hot, and in some cases the 
injector may become overheated from trying to get it 
in operation. After several attempts have been made, 
should it fail to work,-it should be cooled by pouring 
several buckets of cold water over it or by turning a 
cold water hose on it. Next examine the water at the 
supply source and ascertain whether or not it is above 
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the normal temperature of the surrounding atmosphere ; 
if so, it is not a good working temperature for the water 
to be used in an injector. I admit, however, there are 
numerous cases where injectors are working successfully 
under much more severe condition. 

A good scheme sometimes practiced in trying to start 
a heated injector is to open the drain cock, turn steam 
on slowly and shut it off quickly, which will cause cold 
air to rush into the suction pipe and cool it off; this 
method, if not successful upon its first trial, will some- 
times succeed after one or two attempts. 

Lack of steam pressure for the lift of water is often 
found to be the cause of much trouble. Sometimes it is 
the reverse—too much steam pressure, which trouble has 
to be determined and corrected by the operator. In a 
number of cases it is found that the injector will get 
the water but will not force it into the boiler. A few 
general causes of that feature of injector trouble are: 
The lack of a globe valve on the suction line to regulate 
the water, or the supply water not properly regulated ; 
dirt in delivery tube; faulty check valve; obstruction 
between injector and check valve, or between check valve 
and boiler. Sometimes a leak in the suction pipe admits 
air to tle injector along with the supply water, through 
one of the connections right at the injector, between the 
piping and the injector. 

In connecting up an injector, connect the steam pipe 
directly into the boiler steam drum, and at a spot where 
the dry steam is obtainable, and have no other connec- 
tions whatever attached to that line. The suction pipe 
should have as few bends, crooks, tees, els and forty-fives 
in it as possible, as they all produce a friction which 
throws unnecessary work upon the injector, and always, 
if possible, have the suction line the same size as the 
connection allowed for it at the injector, and if you 
want to make a first-class job of it, have the pipe from 
the beginning of the suction line up to the injector one 
size larger than the injector itself calls for, and follow 
the same instructions in the discharge line from the in- 
jector to the boiler by including a globe valve near the 
boiler, and afterward a check valve. The globe valve 
is not only serviceable for shutting the water off the 
boiler, but it is also indispensable, owing to the fact 
that if the check valve should give you trouble, you can 
thereby shut the boiler off from the check valve, allow- 
ing you a convenient way of overhauling the check valve 
without having to cool the boiler down. Another im- 
portant feature in installing the injector is not to get it 
too close to the boiler, as the heat from the boiler will 
cause an injector to work improperly at times. A dis- 
tance of 12 in. from the boiler is found to work quite 
satisfactorily. One of the most serious troubles is found 
where the injector has been placed too high. In installing 
the injector, if possible, see that the water enters at 
the lowest point possible in the boiler and also have 
the injector itself about a foot below the center line of 
the boiler. 


A PENNSYLVANIA boy of 12 shot himself to avoid 
going to school. Many another boy lives on merely to 
make suicide on that account unnecessary for his son, 
by sending the child to work at the age of 12 to help 
support the family which he, the uneducated father, is 
unable to do. 
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THEIR CARE AND Metuops or Testing. By J. T. KANrE 


HE protective relay which actuates the autontatic 
jee breaker is really an important piece of ap- 

paratus in the power plant; yet, because it is so 
inconspicuous a part of the equipment, it is apt to escape 
the care it needs. It is so delicate a device as to require 
the closest attention; a film of dust on its contacts, a 
loose or broken control wire, a sluggish operating mech- 
anism—so many things can and actually do happen to 
make it inoperative. It is in front rank in importance 
as a part of the plant equipment because so much hinges 
on its successful functioning; the failure of a feeder, or 
a piece of apparatus, which would amount to nothing 
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FIG. 1. METHOD OF TESTING RELAY ACTION 


more than the original failure if the affected circuit were 
properly isolated from the rest of the system, might 
develop into an extensive accident should one or more 
of the relays in that circuit fail to operate. 

The big central station systems appreciate both the 
value of the relay and the potential danger of it on its 
failing to operate, and in all of them elaborate pro- 
visions are made not only for the care of the relay, 
but for the periodic testing of it and the circuit-breaker 
it operates, as well. Experience has taught that once 
yearly is not too often to calibrate the relay and check 
its setting; furthermore, that this annual calibration 
should be re-enforced by more frequent tests to deter- 
mine its operating condition, such as by monthly tests 
in plants of small capacity and simple circuits, and 
weekly or bi-weekly tests in plants of great capacity and 
complex circuits. While such close attention is a neces- 
sity with the generating station relay because of the 


extent of the damage attendant upon its failure to func- 
tion, the expense of such special care is hardly justified 
in the case of the relay in the substation where because 
of the reactance of the transmission lines forming the 
source of supply there ordinarily nothing more serious 
than an interruption to service accompanies a failure of 
the equipment, unless, of course, that substation be an 
important one by reason of its location in the circuit as 
a tie-in point between generating stations or a source of 
supply to other substations or because of its great capac- 
ity or proximity to the generating station. 

The fine points of the manner of calibrating and 
testing the relay, and the part of the relay circuit from 
which such tests should be made, are disputed questions. 
Custom varies, the methods in force in each plant being 
the outcome of the experience of that plant. It has been 
authoritatively claimed that the secondary winding of 
the current transformer should be included in the testing 
circuit when the relay fed from it is being calibrated; 
though satisfactory results are obtained by calibrating 
directly from the relay coil without including the remain- 
der of the relay-current transformer circuit. The best 


‘point from which to test the action of the relay is not 


from its closing, or circuit-breaker control contacts, as the 
following incident will prove; the test should cause the 
relay itself to operate and, if possible, take in the entire 
circuit from the current transformer. 

On an electrical system of 200,000-kw. capacity, the 
line fuse boxes on a 2200-v. distribution cireuit failed 
on the terminal pole close to the substation, burnt down 
the three conductors of an 11,000-v. supply feeder, 
damaged several oil-circuit-breakers in the substation 
and entirely shut that station down. The generating 
station reported a system disturbance during which a 
supply feeder to another ~Substation automatically 
tripped itself out, and the damaged feeder was tripped 
out by the operator. The first feeder after being tested 
was restored to service, and the mystery of its strange 
interruption coincidental with the breakdown at a dis- 
tant part of the system, was not explained until after 
the linemen sent to repair the 2200-v. circuit had re- 
ported the 11,000-v. lines down at that point and investi- 
gation in the generating station disclosed the fact that 
the relay of the feeder that was needlessly interrupted 
was connected to the current transformers of the feeder 
that had been burned down on the pole. ‘ 

On that system now, all relays are operated from the 
terminals of their current transformers once a month, 
and from the terminals of their operating coils once 
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every week or two, depending upon the rush of work in 
hand. In each test, the relay is operated from each phase 
in succession, and each time is permitted to trip the 
circuit-breaker controlled from it. The tests are made 
by means of a small testing transformer. The primary 
of this transformer is fed from the 110-v. station 
service lines through the regular extension-cord plug 
receptacles located about the plant. Its secondary has 
two taps, one for 10 v. and the other for 20 v., for regu- 
lating the amount of current taken from it. One side 
of all instrument wiring in the station is grounded. Simi- 
larly, in testing, one side of the test transformer second- 
ary winding is grounded, and the lead from the other 
side of it is applied directly to the ungrounded terminal 
of the relay current coil or to the terminal of the cur- 
rent transformer winding connecting to the relay. When 
testing from it, the current transformer is not discon- 
nected from the relay circuit; its secondary winding is 
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CONNECTIONS OF TEST CUTOUT SWITCHES 


let form a shunt path in the testing circuit, as shown 
in Fig. 2, to conserve the time that otherwise would be 
required to disconnect and reconnect it. 

Previously in that station the relays had been tried 
regularly every week by closing their control contacts 
by hand, thus causing their circuit-breakers to be 
tripped out; but the uselessness of such a test became 
apparent after the accident mentioned had occurred, 
and still later, a relay was apprehended that had its 
operating coil completely grounded out. 

It is customary to connect the relay in the same cir- 
cuit with the ammeter, where more than one set of cur- 
rent transformers are required, so as to have an imme- 
diate indication of a break in this circuit; however, as 
the ammeter is usually connected ;ahead of the relay, a 
ground in the relay winding or on the circuit beyond 
the ammeter would be evident only in whatever ab- 
normal ammeter registration resulted from the change 
in impedance of the circuit, and since this reading might 
be caused by unusual loading conditions on the primary 
apparatus, it doubtless would escape further investiga- 
tion. 
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The calibration of the relay, which should be done at 
least annually, may be accomplished directly at the ter- 
minal block or cutout switch of the relay current coil, 
since the impedance of the current transformer second- 
ary winding is designedly meager and in the complete 
circuit to the relay is negligible. For the period of the 
work of calibration on the relay, the current trans- 
former may be short-circuited, the relay disconnected, 
and the primary apparatus protected by the relay con- 
tinued in service. It is a safer practice to take the 
primary apparatus out of service during the test than 
to allow it to operate without relay protection; at least 
in the case of generating station equipment, because of 
the large capacity on the bus there. Such precautions 
are not so essential at the substation end of transmission 
lines, or at the load end of other circuits having relay 
protection on their source end, particularly so where 
withdrawal of the apparatus from service could be 
effected only at off-load periods, and the testing of its 
relays then would entail the extra expense of Sunday 
or night work. 

The installation of test cutout switches of the double- 
throw, short-cireuiting type, in which the second con- 
tact is made before the first is broken, will simplify and 
expedite both the testing of relays and the locating of 
faults on the current transformer secondary circuits. 
A single-pole switch of this type, installed in the same 
cell with it and close to the current transformer, and a 
three- or four-pole switch of the same type, depending 
upon the number of phases of the relay, located directly 
at the relay, both prove capital investments for the 
facility they afford in the execution of the various work 
done on the switchboard apparatus. The latter switch 
is the more indispensable of the two. The connections 
of these switches are shown in Fig. 2. 


Synchroscope Fault Ascribed to Generator 


In ONE of our plants where two synchroscopes were 
provided, with a double-throw switch for selecting either 
instrument, the men always chose the synchroscope 
nearest to the panel of the generator they were syn- 
chronizing. 

For some time it had been noticed that one of the 
generators, a 10,000-kw. unit, always emitted a savage 
grunt when its switch was closed, no matter how care- 
fully the synchronizing was done; and it was concluded 
that the generator had some peculiar characteristic of 
design that was responsible for the disturbance caused 
whenever it was paralleled with other units. 

One day an operator synchronized this generator 
from the synchroscope at the opposite end of the switch- 
board, and the unit went on the line satisfactorily. 
The synchroscopes were then checked against each other, 
and the one which had always been used with this par- 
ticular generator was found to be over 15 deg. slow. 
The set-screw holding the pointer on the shaft had 
loosened and allowed the pointer to be twisted out of 
place by the jerks, or ‘‘kicks,’’ produced in the instru- 
ment at the instant of synchronizing. Much hard usage 
of the generator could have been prevented had we 
thought to alternate the synchroscopes or to check them 
against each other. 
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Service Meter Troubles 
By W. A. Darter 


OURCES of meter trouble affecting registration of 
watthour meters are becoming more prominent, due 
to their increasing use and more complex service 

systems. 

A general source of meter trouble is that due to care- 
lessness of the meter man when the meter is installed. 
Sometimes the service wires are connected into the wrong 
side of the meter, causing reverse registration. Some 
meters require the cover removed before they can be con- 
nected, and in this case dirt or loose particles are likely 
to get on the rotor and interfere with its running. Espe- 
cially is this true if the meter has been in service for 
some time and the cover is removed. The lower jewel, 
also, is sometimes left out of place and the meter does 
not register from the beginning. Sometimes small ants 
will find their way into the meter and stop it, or a small 
spider might be closed up in it and proceed to spin his 
web about the rotor. To guard against a meter not regis- 
tering correctly after it is put into service, the meter 
man should test the meter, either by timing the rotation 
of the rotor against its load, or by an instrument. If 
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FIG. 2 
WITH TWO GROUNDS EXISTING, AS SHOWN HERE, 
SHUNTING OF THE METER WILL RESULT 
FIG. 2. GROUNDS WHICH MAY CAUSE CONSIDERABLE 
METER TROUBLE 
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possible, the meter should be calibrated after it is put 
into service in order to make sure the accuracy of the 
meter has not been impaired while handling. 

If the meter does not register after it is put into 
service, the trouble, if not caught then, will not be dis- 
covered until the meter reader reads the meter. This 
condition is embarrassing to the company, because the 
company has no basis upon which to make a charge; 
and usually the charge is postponed until a reading can 
be had upon which a charge can be made. If the meter 
is running slow, due to dirt on the rotor or bad setting 
of the jewel, the registration will be only a part of the 
energy used, but it may be enough to mislead the com- 
pany and the company will lose until the meter either 
stops or is tested. The meter, if connected into service 
backward, will register in the negative direction the 
same amount as it will register in the correct position. 

Some power companies make it a practice to ground 
one side of the secondary system, and in nearly every 
ease ground the neutral wire on a 110-220-v., three-wire 
system. If the current coil of a meter happens to be 
connected to the grounded secondary, then a ground 
inside the meter, on the grounded side, will shunt the 
current around the current coil of the meter. The value 
of flow of this depends upon the conductivity of the two 
parallel circuits, and is in the same ratio as their con- 
ductivity. Also, if fuse Fa is blown or withdrawn, as 
shown in Fig. 2, all the current will be bypassed and 
the meter will revolve backward. This is due to the 
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electrical energy consumed by the shunt coil of the 
meter passing through the current coil in the reverse 
direction as shown. 

When the secondary system is not grounded, two 
grounds may come into existence at two different points 
on the same secondary, as shown in Fig. 1. 

If A and B have grounds on the inside of their meter 
connections, then part of the current used by A will 
take the ground circuit through B’s wiring. If fuse Fa 
is withdrawn or blown out, then all the current A uses 
will pass through fuse Fb; and if fuse Fb is not large 
enough to carry both loads, will blow. This condition 
will cause B to complain and the trouble will be found. 
If the two grounds happen to be on the current coils 
of the two meters, as shown in Fig. 2, then all the cur- 
rent shunted around A’s meter will be registered through 
C’s meter, making C’s apparent consumption in excess 
of what it should be. 

Central station companies are beginning to do away 
with grounds on their secondary systems wherever it 
is possible to do so. Every meter placed in service should 
be inspected every few years and tested for accuracy 
if necessary. 


Simplicity of Ohm's Law 
By J. B. Ditton 


HILE it may seem queer to some, yet it is a fact 
\¢ that many people are puzzled to remember 
Ohm’s Law. To those who find trouble in 
recalling that: 
Electromotive force 





Current = 
Resistance 
it has been suggested that they carry the formula, with 
its various ramifications, in a pocket memorandum book; 
but, to this they reply: ‘‘A fellow cannot always have 
the book just when and where he needs it.’’ 

To overcome their failure to recall the formula, some 
hit upon the plan of punching it upon a pocket piece, 
about the size of a silver quarter. 

I read of another case where somebody suggested that 
the word ‘‘Erie’’ be thought of, thus we would have 
“*E”’ for e.m.f., on top, ‘‘R’’ our divisor, directly below, 
and ‘‘I’’ as the quotient, for our answer. 

In my early days I felt there was some sort of bug- 
bear attached to Ohm’s Law, but a simple plan hit upon 
to dispel such fear was to think of it in figures and 
not letters. The figures selected were: 

10 
Died sii 
2 

Once that was done I had no further trouble. I knew 
that the electromotive force was ‘‘high,’’ the other quan- 
tities ‘‘I’’ and ‘‘R’’ when multiplied together would 
equal the high; therefore, I had only to remember the 
number 10, using it as my ‘‘beacon light,’’ regardless 
of any problem falling within the three cases of the 
law, the rest being merely a matter of figuring it. 

There is nothing mystifying or difficult about either 
method. Use the one that you prefer, but do not stop 
until you have the three cases of Ohm’s Law so well 
understood that you can recall them at any moment as 
you do your multiplication and division. 
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Physical Examination of Hoisting Engineers in Utah 


By C. A. ALLEN AND Dr, A. L. Murray 


of Utah undertook the assembling of safety orders 

covering metal mining operations. Just at that time 
there appeared several articles in the mining papers 
advocating the licensing of hoisting engineers, so this 
subject was given careful consideration. 

The licensing of hoisting engineers means that they 
must pass an examination covering the mechanical fea- 
tures of hoists and boilers, and must have a certain 
amount of experience. This undoubtedly serves to get 
a class of hoisting engineers that are better informed 
about the mechanical operation and theoretical con- 
siderations in hoisting and the only room for argument 
against it is that it is difficult to give an examination 
that will determine whether or not a man is a competent 
hoisting engineer. A man might pass an excellent exami- 
nation yet be absolutely unqualified to operate a hoist 
and the judgment of the mine superintendent would 
have to be depended upon to choose the right man from 
among those who were licensed. This difficulty of prop- 
erly determining, by ordinary examination, a man’s 
qualifications to run a hoist caused the idea of licensing 
in the ordinary sense of the word to be abandoned; but, 
as there was no question that a hoisting engineer should 
be physically fit, it was decided to require a medical 
examination, and at the same time to require the hoist- 
ing engineer to state his experience, so the state would 
have a better knowledge of his general qualifications. 

The orders covering the question were therefore 
issued as follows: 


[ THE spring of 1919 the Industrial Commission 
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Section 23. (a) Hoisting engineers shall be ap- 
pointed by the superintendent, or by the master 
mechanic with his approval. They shall be men familiar 
with the details and working of hoisting engines, shall 
be able to read and write English and not less than 18 
yr. of age. 

(b) Hoisting engineers, who hoist men, shall be not 
less than 21 yr. of age, and, before being allowed to 
operate a hoist on which 10 or more men are handled 
daily, the hoist engineer must be examined by and 
present a certificate of health from a reputable doctor 
known to be such by the superintendent. This certificate 
of health must be on a form prescribed by the commis- 
sion and must show the health of said hoisting engineer 
to be such that there is no danger of his becoming physi- 
eally or mentally incapacitated while performing his 
duties or under the stress of excitement. 

(ec) All engineers now operating hoists, which han- 
dle 10 or more men daily, shall at once be examined and 
obtain such certificate in like manner and all hoisting 
engineers shall hereafter be examined in like manner at 
least once every year. 

(d) It shall be the duty of the siiiiitaineailiie to 
permit no other than such duly appointing hoisting engi- 
neers to run such engine or hoisting machinery; except 
that, by and with the consent of the superintendent, 
specified apprentices may be taught the operation of the 


hoisting engine at such times and under such restric- 
tions as the superintendent may determine to be free 
of risk to life and limb. Any superintendent failing to 
make such appointment of hoisting engineer, or know- 
ingly appointing any hoisting engineer not qualified as 
above, shall be guilty of a violation of these orders. 

(e) At every shaft in which 50 or more men are 
hoisted or lowered on any shaft, the commission may 
require that there be with the hoisting engineer, when 
the shift is being hoisted or lowered, an extra man suf- 
ficiently competent to operate the engine in case of an 
emergency. 

It should be stated that previous to issuance, the 
orders were submitted to a committee of representative 
mine operators and mine employes and there were no 
objections raised except to the last paragraph. This 
paragraph originally made it compulsory to have another 
man beside the hoisting engineer when the shift was 
being handled at the larger mines. The operators felt 
that this would not be necessary in all cases, so it was 
changed to be optional with the Industrial Commission 
as to whether it shall be required or not. The reason 
for exempting men handling less than 10 men was largely 
one of expediency; but it was also felt that at small 
properties where few men are working, the hoist is usu- 
ally of slow speed and the engineer is under no particu- 
lar strain. 

After the orders were made effective by the Industrial - 
Commission, a form for examination was issued which 
is too detailed to reproduce here. In drafting this cer- 
tificate, two objects were considered: First, whether the 
applicant is mentally qualified and second, whether on 
physical examination the condition of the applicant is 
such as:to demonstrate his physical fitness for the work 
required of him. 

Under mental qualification, the ability of a hoisting 
engineer to read and write English is practically the 
only requirement. He must be familiar with the safety 
orders of the commission and of course must be able 
properly to interpret signals and rules which demand a 
knowledge of English. His other mental qualifications 
are vitally important, but they can best be judged by 
the mine superintendent or master mechanic who is 
acquainted with him. As regards experience, that is left 
also to the mine superintendent, although any man who 
did not show a reasonable amount of experience, depend- 
ing upon the size of hoist he is to operate, would be 
investigated by the Industrial Commission. 

Under physical fitness, a hoisting engineer should be 
of good health, alert, and possessed of his faculties of 
special sense, particularly good eyesight and hearing. 
Although the position does not call for severe physical 
strain, yet a man laboring under certain physical defects 
may, at a critical time, be handicapped by such defects 
so he cannot measure up to the strain placed upon him. 
Likewise a man who is suffering from some passive ail- 
ment such as disease of the heart, lungs, kidneys or ner- 
vous system would be liable during a period of unusual 
strain, as in time of a disaster, to suffer an acute attack 








and become a further menace rather than an aid to 
rescue work. A man subject to fits, vertigo, fainting 
spells or epilepsy should never be employed as a hoisting 
engineer. Those conditions are frequently of very sud- 
den onset and if an attack occurred while the hoist was 
in motion, the danger to any men who might be on the 
cage at the time is apparent. 

EKighty-one applicants have filed reports of their 
physical examination. An analysis of the findings in 
these reports is given below. 


NATIONALITY 
Chess ntise toons Oe PE glee Sccksawae 12 
“1 ESS a eee ft rs eres: 4 
A ee > ME ce ids 54's os keke 1 
PRUMUMIG EC ois Gace ok os 5 AY PRMISUER  Goirca ec eek oes 1 
eee acd nee sees Se rere ey rere 1 


The above table shows that of the 81 applicants more 
than 65 per cent were American born. 


AGES 
J St, ae Se 27 
| ere i ee, 20 
Se 10 


Eighty-two per cent of those applying for positions 
as hoisting engineers were between the ages of 25 and 
55 years. The youngest applicant was 22 yr. of age 
and the eldest was 66 yr. of age. 


EXPERIENCE 
Less than 6 mo........ > Ome. Wl gr.......... 8 
rere ek See ee 12 
ee 17 More than 10 yr....... 28 


Two applicants failed to state definitely the time they 
had been engaged in hoisting. It will be noted that in 
all but 13 instances the returns show that the applicants 
had experience covering more than one year. 

The physical examinations show in most cases that 
the applicants were in good general physical condition. 
In two cases summary refusal of certificates was recom- 
mended. Case I. A man of 61 yr., both eyes 20/50, 
right ear 50 per cent normal, left ear 25 per cent nor- 
mal and exaggerated reflexes. Case II. A man 40 yr. of 
age, lost reflexes, suffering from occasional vertigo and 
presenting a history of syphilis. 

In several cases where the eyesight was defective but 
eapable of correction by properly fitted glasses and in 
a case of hernia where no statement was made as to 
applicant wearing a truss, action was held in abeyance 
until report could be made showing these defects had 
been corrected. 

Twenty cases of defective vision ranging from 20/30 
to 20/100 without glasses were shown. Most of these 


eases were very slight and all were corrected by glasses’ 


except three. Case I. Right eye 20/20, left 20/100. A 
letter was written to the applicant suggesting the advisa- 
bility of having his eyes examined and glasses fitted, and 
requesting a report from the optometrist as to the results 
obtained. The report of the optometrist showed a cor- 
rection in the case of the left eye of 20/50. Case II. 
Both eyes 20/60. Letter written as above. Report of 
optometrist showed correction to 20/30 with possibility of 
return to normal after wearing glasses. Case III. Both 
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eyes 20/70. Letter written as above but as yet no reply 
has been received. 

Four cases of minor defects of limbs were reported, 
the result of old fractures, but in no instance was the 
deformity of sufficient consequence to debar the appli- 
eant from the position of hoisting engineer. 

Three cases of hernia were reported, two of which 
were fitted with trusses. The remaining case failed to 
state if truss was worn and a letter was forwarded seek- 
ing this information. As yet no reply to this letter has 
been received. 

On qualifying for the physical examination, hoisting 
engineers are provided with a card certificate entitling 
them to practice their trade. 

As far as has been determined there has been no 
objection raised to the examination by the hoisting engi- 
neers. Those who have expressed themselves to the com- 
mission’s inspectors have been favorable toward it. It 
is well recognized in the mining industry that hoisting 
engineers, as a class, are men of good judgment, fair- 
minded, and dependable, and it seems that the engineers 
of Utah have taken the attitude that could be expected 
of men of that class. 

In reference to the re-examination of the men yearly, 
the analysis of the results of the first examination shows 
that many of the men will be physically fit for a good 
many years, while others, who have a tendency toward 
some weakness, should unquestionably be examined 
yearly. It may be found advisable to allow the examin- 
ing physician some discretion as to the completeness of 
the re-examination, having before him the results of the 
examination of the previous year.—U. S. Bureau of 
Mines, Reports of Investigations. 


Copra Meal as Fuel 


TESTS BY THE BUREAU OF SCIENCE EXPERIMENT STATION 
IN THE PHILIPPINES, SHOWING Its Utiuity For BOILER 
Heating AND GAs Maxine. By CHARLES W. GEIGER. 


Fr es toel have b to ascertain the value of copra meal 


as fuel have been made by the Bureau of Science © 


in its producer-gas plant at Manila, P. I. There 
are large quantities of cocoanut meal in the Philippine 
Islands, but no means of transportation is available to 
get it to a market. 

The plant in which the experiments were conducted 
is a 67-hp. Otto suction producer-gas plant designed 
especially for low-grade Philippine coal. It consists of 
a producer and its auxiliaries, and a gas engine direct 
coupled to a 50-kw. dynamo. It has worked efficiently 
on copra and other fuels. Copra meal has an available 
heating value of 15,297 B.t.u. The results of a 10-hr. 
test in the producer-gas plant, where an average of 220 
lb. of fuel per hour was used, showed a consumption of 
7.1 lb. of copra meal per net kilowatt-hour. The best 
record for Fushan coal in the producer-gas plant showed 
a consumption of 2.82 lb. of fuel per net kilowatt-hour, 
and the consumption of average coal as fired under a 
Bureau of Science water tube boiler unit for the pro- 
duction of electric current shows a consumption of over 
6.6 lb. of coal per net kilowatt-hour. 

Cocoanut meal has been advantageously fired under 
the Bureau of Science boilers. In an external or 
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elongated fire box copra meal burns excellently and effi- 
ciently without the admixture of any coal, provided it 
is fired in small quantities at very short intervals. If 
copra meal were burned in a furnace provided with a 
mechanical stoker and having a grate similar in design to 
the type used in burning rice husks, the loss of heat due 
to opening the furnace door for firing would be obviated 
and a still higher efficiency obtained. For fuel pur- 
poses a ton of copra meal is equivalent to about 0.6 ton 
of ordinary (Tagawa) coal. 

The ash resulting from the combustion of copra meal 
is very valuable on account of its potash (K,O), and 
wherever copra cake is burned, the ash should be saved. 
Potash is a fertilizer ingredient of which the original 
copra meal contains 2 per cent. All of this may be 
recovered in the ash unless a portion is volatilized. In 
the boiler plant the quantity of ashes collected from the 
pit is relatively small, due to the amount of powdered 
fuel and ashes carried over the bridge wall. Any de- 
posit that collects on the boiler tubes may be easily 
blown off. 


Cocoanut SHELLS AND Husks Usep ror Fue 


THE BurREAU OF SCIENCE has received a great many 
inquiries with regard to the uses for cocoanut shells and 
husks. Experiments have therefore been conducted 
that demonstrate their usefulness for fuel. 

The fuel value of air-dried cocanut shells and husks 
is shown by the following data: 

Shell 
Moisture, per cent... 11.75 
Available B.t.u....... 16,110 15,003 
re 17,967 16,654 


The most economical use of cocoanut shells as fuel 
is in a properly designed producer-gas plant, as de- 
scribed under ‘‘Copra meal as fuel.’’ Tests have been 
made that have shown that about 6.6 lb. of shells (from 
10 cocoanuts) are required to develop one kilowatt-hour 
at the switchboard. This efficiency probably can be 
increased as more experience is acquired in burning 
them. One pound of cocoanut shéll is equal in heat 
value to about 0.65 pound of Japanese coal. However, 
in comparing the value of two fuels, the factors of the 
cubical measure of a given weight as it influences the 
expense of transportation and marketing, and whether 
or not the furnace is adapted to the use of the par- 
ticular fuel, are especially important. Cocoanut husks 
are so bulky that they can scarcely compete with coal 


Husk 
14.71 
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as fuel for boiler furnaces, unless it is feasible to bale 
them so as to reduce their volume. In the Philippine 
Islands the annual crop of cocoanuts totals about 431,- 
387,000 nuts. Practically all of these, with the excep- 
tion of those used for local consumption, are turned into 
copra. The shells are obtained by this process. The 
nuts are broken open and usually permitted to dry in 
the sun, although sometimes they are kiln dried, until 
the meat of the cocoanut is separated from the shell. 
The growing of cocoanuts is the second largest industry 
in the Philippines and is constantly increasing. 


Power PLANT BUREAU OF SCIENCE 


THE ELECTRIC curent generated and delivered at the 
switchboard for the year 1917 was 243,198 kw.-hr., at 
an average cost per kilowatt-hour of 0.0803. The cost 
per kilowatt-hour of electric current was slightly greater 
than for the previous year on account of the higher 
price of coal and other materials. Current is used for 
operating numerous testing machines and other equip- 
ment maintained by the Bureau. 

The total amount of steam generated in the boilers 
for the year 1917 was 17,113,344 lb., at an average cost 
of $0.001,728 per lb. The total gas generated for lab- 
oratory purposes was 1,237,470 eubie feet. The average 
cost of production was $1.59 per 1000 cu. ft. The power 
plant is a very substantial structure and is immediately 
in the rear of the main building of the Bureau of Science. 


ANALYSIS OF FUELS 


SamMPLes of coal are continually brought to the 
Bureau of Science by prospectors from new districts for 
analysis and valuation. A great deal of advice has been 
given with regard to prospecting, development work, 
the operation of Act. No. 2719 to provide for the leas- 
ing and development of coal lands in the Philippine 
Islands, ete. In order to encourage prospecting in new 
districts of which the Bureau of Science has no record, 
an analysis of the first sample of each variety of coal 
is made free of charge, provided that it is accompanied 
by reliable detailed information. There have been sev- 
eral requests for steaming tests. Owing to the diffi- 
eulty of transportation, it has been impossible to send 
the necessary quantity of some varieties of coal to the 
laboratory. Producer-gas tests have been made, and 
the plant has been operated efficiently on several vari- 
eties of coal. Producer-gas tests have also been made 
on refuse lumber and a mixture of lumber and sawdust, 
bagasse. 


New Type of Hydraulic- Turbine Runner’ 


DEVELOPMENT AND ADVANTAGES OF Suc- 


TION TURBINE. 


N 1907 AND 1908 the author was connected with 
| experimentally improving and testing of some large- 

some rather extensive field work comprising erecting, 
size axial-flow or screw pumps. This work concentrated 
all attention on a single type of hydraulic impeller for 
over a year and it was only natural that impressions 
then formed should greatly influence his trend of thought 
in later work, which has been exclusively along hydraulic- 
turbine lines. At any event the effect was such that the 


* From a paper read before the A. S. M. E. 


By Forrest 


NAGLER 


accepted form of reaction (Francis) runner, then and 
still the basis of practically all low-head turbine design, 
seemed unnecessarily complicated and without logical 
justification from any hydraulic or mechanical stand- 


point. These ideas crystallized in 1913 when definite 
application of the axial-flow principle was shown as giv- 
ing inherently less wetted surface, simpler passages and 
greater mechanical strength than the corresponding 
reaction runner having radial inlet and axial discharge. 

To bring out the comparison most effectively the 
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initial drawings showed the axial-flow runner sketched 
in on the outline of the reaction runner, using the same 
runner band and showing the additional advantage of 
being able to use either the usual radial inlet guide 
ease or the straight axial case. Most but not all of 
subsequent commercial applications have been along the 
former lines; but undoubtedly the still greater sim- 
plicity cffected by the latter, especially in horizontal 
settings, will bring it into prominence. Models were 
made with the least possible delay and theories checked 
out practically with actual runners. New lines of im- 
provement naturally became evident during trials, but 
the original profiles were left fundamentally intact, 
with the result that the form of turbine runner shown 
in Fig. 1 was developed. Inspection of this figure 
reveals the fact that the entire design is based on a 
straight radial blade, which offers the absolute minimum 
of wetted surface and of bending moment on the root 
of the blade. It is by reason of these two fundamental 
advantages emphasized by the simplicity and inexpen- 
siveness of the design that the author believes the new 





FIG. 1. ONE OF THE FIRST COMMERCIAL APPLICATIONS OF 
THE NEW SUCTION TYPE OF RUNNER 


type of runner will supersede the mixed-flow or Francis 
type. Runners of practically the axial-flow type but 
roughly conical in profile may possess certain desirable 
features of strength or form of passage, but the measure 
of their advantage is largely indicated by the nearness 
with which they approach the flat form. 

Tests on models were verified by Holyoke tests in 
1917, the initial design being used partly for commercial 
reasons and partly for historical purposes. Only one 
design of blade was tested, although two runners, one 
having three and the other four blades, were also given 
runs. A typical set of results of these initial tests, 
although they do not equal in efficiency later tests ob- 
tained on improved runners, were nevertheless used 
in plotting some of the curves in Figs. 2 and 3. Com- 
parisons are confined to speed and capacity for the 
purpose of this description and previous best results 
are also plotted in Figs. 2 and 3.. The basis of these 
curves is taken directly from Professor Zowski’s com- 
parisons in Engineering Record of December 26, 1914, 
and it should be noted that they are plotted to show com- 
parative powers on the basis of constant speed. This 
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power basis exaggerates the comparison considerably 
over the characteristic-speed basis, but is retained to 
permit of direct reproduction of curves showing results 
typical of the state of runner development prior to 
the author’s work. 

Referring again to Fig. 2, the highest speed ordi- 
narily offered in commercial work is typified by curve 
No. 4. Contrasted to this are shown curves Nos. 1, 2 
and 3, the second of which is deduced directly from the 
Holyoke test data. The most definite indication of the 
field of application of the new form of runner is obtained 
from Fig. 2, on the following basis: 

Under any given conditions of head and 
with such minimum limit of speed as might 
be imposed by consideration of cost, efficiency 
and floor space, runner No. 1 will give 140 per 
cent and runner No. 2 will give 65 per cent more 
power than runner types previously available 
as typified by No. 4. 
Comparison on a speed basis using equal power would 
illustrate the application of the new type as follows: 
Under any given condition of head and 
power, runner No. 1 will give over 50 per cent 
and runner No. 2 will give 30 per cent higher 
speed than runner types previously available 
as typified by No. 4. 

Figure 5 is a reproduction of the ‘‘equal efficiency’’ 
diagram of the December 26, 1914, Engineering Record 
article. The scale has been extended to permit of show- 
ing the relative location of the new point of best effi- 
ciency and the great flexibility inherent in the new form 
of runner. The diagram of runner No. 3 is shown at 
the right on repeated abscissas in order to avoid too 
much overlap of diagram and consequent confusion. 
The ordinates remain the same. The shape of the 
‘‘efficiency hills’? is somewhat different from that of 
the mixed-flow runner, although perhaps not as much 
so as might be expected from the great difference in 
runner forms. That the guide cases (gates) were of 
the same design for both forms may be somewhat 
responsible for the runner not showing greater diversity 
in characteristics. 

Figure 3 presents an excellent basis for showing 
the contrasting speed characteristics of runners. Ob- 
viously their having been recomputed to 50 r.p.m. causes 
all the highest efficiency areas to lie on the same ver- 
tical line. This simplifies comparison in that the hori- 
zontal width of the equal-efficiency areas indicates flex- 
ibility of the runner or its ability to maintain good 
efficiency under varying speed or head, the latter being 
the variation encountered in commercial application. 
The position of the highest efficiency area on the vertical 
ordinate indicates whether it is of a high-capacity or 
low-capacity type or similarly whether it is a high- or 
low-speed runner. Its suitability for low-head work is 
determined largely by its vertical position. 


COMMERCIAL ADVANTAGES 


NuMEROUS and sometimes unexpected advantages 
have been found to result from the simple and open 
form of runner. For example, a runner may be taken 
out and another substituted for capacity variation under 
flood conditions or for test purposes without removing 
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any other turbine parts except two or three guide vanes. 
In two plants this was made use of to install a high- 
capacity runner for obtaining more power during flood 
periods. Likewise these higher-capacity runners were 
made by using the original core boxes, which means that 
blade angles were unchanged, the result being accom- 
plished simply by using a different number of blades. 

The greatest mechanical advantage arises from the 
fact that the runner cannot clog up with sticks, blocks, 
leaves or other debris, a feature which the author’s expe- 
rience with the average low-head installation would in- 
dicate should result in several hundred per cent more 
power the year round. 

The primary advantages which were anticipated and 
which have proven out in practice are as follows: 

a Lower generater cost due to an increased speed 
of 50 per cent and over above previous prac- 
tice. This saving varies from 15 to 35 per 
cent of the generator cost, depending on its 
size and speed. 

b Lower turbine cost due to simpler runner. This 
averages around 10 per cent, the runner be- 
ing about one-third the weight of the corre- 
sponding mixed-flow type and much easier 
to build, either solid or with separate blades. 


Normal Speed 
PerCent Over Speed 
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. 2. POWER-EFFICIENCY CURVES FOR WHEELS HAVING A 
NORMAL SPEED OF 500 R.P.M. 


c¢ Smaller generator diameter, which means 
smaller power house. 

d Higher generator efficiency due to better de- 
sign possible with the higher speed. This is 
seldom less than 2 per cent gain and may con- 
servatively be stated to vary from 114 to 3 
per cent. 

e Greater turbine flexibility, which permits the 
plant to give more power under flood con- 
ditions when the head is greatly reduced. 
This runner has an overspeed of about 100 
per cent as contrasted to perhaps 60 to 75 
per cent for previous types. This means that 
its efficiency and consequently its power will 
not become zero until the head has been re- 
duced to about one-quarter normal as con- 
trasted to four-tenths or one-third normal 
for reaction types. This advantage lies not 
solely at the extreme limit of minimum head 
but at all abnormal heads or speeds, as the 
efficiency is less affected than with the other 
types. 

At the present time efficiencies equaling the records 
of reaction (Francis) wheels have not been reached, 
but they are being approached rapidly and with the 
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inherent advantage of better generator efficiency, equiva- 
lent combined results for the unit are only a matter 
of short time. Fundamentally the axial-flow runner 
should give greater efficiency than the mixed-flow purely 
from considerations of wetted surface and hydraulic fric- 
tion, to say nothing of the simpler form permitting of 
greater accuracy of construction and more correct design. 


TYPE oF RUNNER 


As To the nature of this new type of runner, it may 
be said that from direction of flow it is undoubtedly 
a pure Jonval type, although his runner consisted of 
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FIG. 3. COMPARISON OF ZOWSKI AND NAGLER TESTS 


a narrow row of blades on the periphery of a compar- 
atively large disk, and his characteristic speeds seldom 
exceeded 20 or 30 as contrasted to the present 100 to 
200. Furthermore the Jonval type was a pure reaction 
wheel, which infers jets issuing from orifices or chan- 
nels, these being noticeably lacking in the runners of 
Fig. 1. 

Professor Baudisch in some of his mathematical 
studies on the design of high-speed axial-flow runners 
has introduced a type name which translated literally 
is ‘‘suction jet,’’ the conclusions from his calculations 
being that in order to produce extraordinarily high char- 
acteristic speed it is essential to run into certain under- 
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pressure conditions such as result when velocities greater 


than \/2gH are produced in the throat of a diffusing 
nozzle discharging under a head of H feet. The term 
““suction turbine’’ impresses the writer as being quite 
inappropriate, but from another reason which may be 
outlined as follows: Underpressure is not essential to 
high characteristic speed, though it may frequently 
occur. The primary essential to high characteristic 
speed (125 to 200) is a reduction of hydraulic friction 
and harmful centrifugal forces. Neglecting friction and 
possibly blade thickness, there are no mathematical or 
hydraulic laws that will prevent doubling or quadrupling 
any particular characteristic speed by simply flattening 
the blade angles. A direct analogy to this is the well- 
known illustration of relative velocities evidenced in 
the sail of an ice boat. The practical effect of so doing 
with a given profile is to lengthen the blade so that the 
friction on the increased wetted surface reduces effi- 
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ciency and speed or results in constriction of passage. 
In the author’s design, these effects are counteracted 
by cutting out blades, the effect of which is not mani- 
fested in the reduction of power that might be expected. 
On the contrary, the discharge is increased without 
reduction of efficiency. 

Investigation of thrust and power shows that the 
force on each blade exceeds the product of blade area 
and the total apparent head, which can only mean that 
in such cases there is less than atmospheric pressure on 
the back side of the blade aside from that due to draft 
head. This is strictly analogous to the distribution of 
the total force on the wings of an airplane, less than half 
of which is pressure from below, the remainder being 
suction on the upper surface. As such suction action 
is in evidence primarily with these high speeds, the 
author believes the term ‘‘suction’’ to be peculiarly ap- 
plicable to this form of turbine runner. 


Experiences at the Glendale Plant 


BLAKE Reports TROUBLE WITH THE Diese ENGINE; WALLACE REPLIES, 
DescriBING Some or His ProsieMs at BripgeTrown. By G. H. KimBauu 


EAR WALLACE: 
D I was glad to get your letter and your honest opin- 
ion about this man Gooch. Since I have known 
you much longer, I shall be guided by your advice and 
I have told the manager that I did not care to run the 
steam end of the plant with Gooch in charge of the oil 
engine. Now I find that Gooch is willing to take the 
whole works in charge. 
He certainly has the most confidence of any man that 
I ever knew, for, to hear him tell it, there is nothing 
that he cannot do and we had a sample of his work 
recently. I went off watch one night and he came to 





FIG? 
FIG. 1. METHOD OF LEVELING ENGINE HOUSING 


FIG. 2. METHOD USED IN ALINING CRANKSHAFTS 


relieve me. There was very little water coming down 
the river and the oil engine had about all that she could 
carry. The high tension station was closed for the 
night and the fire under No. 1 boiler was very low. 
Thinking that we might get through until the last car 
came in, I told him that she would not stand any more 
load; but he had plenty of assurance that she would 
be all right, so I went home. 

The next day when I came in, the engine was stopped 
and I found, on inquiring, that after I left there had 
been so much load that she had overheated one of the 


cylinders and it had seized the piston so that he had to 
stop it. Of course, all of the power was shut off all over 
the town for a while. I cannot find just what hap- 
pened, but I think that the circulating water pressure 
dropped on account of the water in the canal getting 
low and he did not notice it until it was too late. 

I am somewhat surprised because he has been telling 
me how much he knew about Diesel engines and how 
little you knew in regard to operating them and that 
he would show them something in this rube town. Now 
you can see what has happened after all of that talk 
which might have been prevented with proper care. We 
had loads heavy enough to stop them when you were 
here and nothing like that ever happened. 

We have taken the cylinder head off and after cool- 
ing the piston did not stick very bad. The cylinder is 
scored some but is not worn out of round much. It is 
a good chance to grind the valves and they must need 
it for they have not been touched since you were here. 
Most of the small tools have gone that we used to have 
and I noticed that Graham came here without a chest, 
but he had quite a heavy one when he left. Crandall, 
who has charge over at the Black River power house, 
says he is getting more water from now on so that he 
can help us out more, and I think that we shall need it. 

I see that you are still busy down there and I hope 
you will have good luck with that old engine. 

Your friend, 
JOHN BLAKE. 


Dear JOHN: 

It is now plain that a man who accomplishes little is 
liable to boast considerably. I am sorry for Wilbur to 
have a man like that working for him, for the plant will 
get badly run down. 

It certainly is lively here at the present time. The 
old unit is now resting on its foundations and the car- 
penters have built an addition to the wooden power 
house over it. It is going to be a rather particular job 
to put everything in line for there must have been some 
wear on the bearings in the crank case so that the origi- 
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nal relation between the crank shaft and the housing 
has been destroyed. 

The engine is now setting according to the above 
sketches. When the unit at Glendale was installed, the 
crank shafts were supposed to be parallel with the tops 
of the housings which were planed. Thus a level placed 
on them would make the shaft level and then a line as 
B, in Fig. 2, was stretched and with a tram similar to E, 
the points 1, 2, 3, 4, 5 and 6 were made equidistant 
from the line and that put the three sections of the shaft 
in line. The couplings at points 2, 3, 4, 5, were about 
3% in. apart and a cast-iron ring or filler was fitted which 
could be taken out if it was necessary to run but one 
side of the unit. The work on these couplings was very 
good and they could be taken down or made up in short 
order. 

In this case, the problem is more difficult, however, 
for the part marked A is the oldest. This is because 
it was the first oil engine that the company purchased 
and it ran as a three-cylinder unit with a 160-kw. gene- 
rator. Later, section C was purchased and connected up 
to the present 300-kw. machine. So you see that the 
older part must be worn much more than the new and 
the shafts are probably somewhat out of line. To use 
a level on the top of the housing will not answer for the 
erank shafts; but the two shafts can first be made parallel 
to the top sides by the use of a line, D, which can be 
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made parallel to the top and then the distances from it 


to points 1 and 2 made equal. The same thing can then 
be done to the other side and then the side line used as 
before. If the couplings are in line the shafts should 
run true. If the faces of the couplings are machined 
true with relation to the shafts, when everything is in 
line, the faces should be equidistant at all points; if this 
is carefully done the alinement should check with the 
other method. 

In a ease like this, I think that it is better to have 
a man from the engine works to see that everything is 
all right; but Mr. Curley, the superintendent, wishes to 
show what he can do, so he has had several men to help 
in the setting up. They say that it is in line now and 
I hope it is, for it will be some job to correct it after 
the cement has set. 

I came here as an operating engineer, not as an 
erecting man, and I have declined to take the responsi- 
bility of setting this up, but I have been called upon to 
answer most of the questions that have come up. In 


some cases, the superintendent has not believed that I 
was right and he has written to the engine company, 
which has confirmed them so far. 
I hope that you will get along all right with Mr. 
Gooch. Let me hear from you soon. 
Yours very truly, . 
WinuiAM WALLACE. 





Can HAnpLING Systems; BRINE 


AGITATION. 





HE METHOD of harvesting can ice has not been 
materially changed since the first successful ice 
making plant was built. Given a proper pneumatic 
or electric can hoist and traveling crane handling at 
least two if not three 300 lb. cans at one time, a tank 
laborer can harvest, with all the machinery in good run- 
ning order, not less than 33% tons of ice in 10 hr. This 
means that with the present method of handling can ice 
the proper capacity of a freezing tank is in the neigh- 
borhood of 60 to 66 tons. 


If three shifts have to be used, the amount of ice 
harvested by each man per hour is somewhat increased 
so that single freezing tanks having a capacity from 70 
to 75 tons per day with the present harvesting equip- 
ment appear to be the most economical units, considering 
the labor cost. 

From time to time, attempts have been made to im- 
prove the method of harvesting freezing tanks. Some 
have been equipped with mechanical devices for moving 
the cans in the freezing tank from one end of the tank 
to the other, and with cranes and hoists large enough to 
lift out a whole row of cans at a time, so that all harvest- 
ing ean be done at one end of the tank. This construc- 
tion does not, however, materially facilitate the handling 
of the freezing system, for the empty cans or else the 
cans filled with water must be brought to the far end of 
the tank and, therefore, no material saving has resulted 
in the labor cost. In addition thereto, extra expenses 
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have been incurred in keeping up the more complicated 
mechanical equipment. 

I might say that in some of these cases the labor cost 
has been reduced, but the increase in maintenance has 
eliminated the saving made in the labor cost. This is 
the reason why designers always have come back again 
to the pneumatic or electric traveling crane handling 
two or three ice cans at a time. 

There are some ice making systems in which the ice 
cans are stationary in the freezing tank. In these sys- 
tems the cost of harvesting ice has been reduced. The 
greater initial cost of these plants, which increases the 
fixed charges, that is, interest on the investment and de- 
preciation, have in some cases offset the saving in harvest 
labor. 

It follows that a valuable improvement in the method 
of harvesting can ice must not alone save labor cost, 
but the total expense of the labor cost plus maintenance, 
depreciation and interest on the investment must be 
less than that of the present standard can freezing tank. 

There is no reason why a conveying system cannot 
be installed in connection with a can ice freezing tank 
that will materially reduce the cost of harvesting the 
ice, so that the time required by the tank man to bring 
the ice cans to the ice releasing apparatus and return 
them into the tank can be saved. With such a harvest- 
ing system, one can puller could handle three or four 
times as many ice cans a day as he can now. 

If such a system is adopted, the lifting of the ice 
cans from the tank and returning them to the tank is 
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done by a tank man, whereas the releasing of the ice 
from the can is done by another man and if necessary 
in an entirely separate room from the freezing tank room. 
The advantages of this system are apparent when one 
considers that it will be possible to bring all the cans, 
for thawing, to one place and make full use of the length 
of the building for the tank proper. 

The actual space required for removing the ice from 
the cans, if it is all done in one space, will be far less 
than it is today, where an ice releasing unit must be 
located at the end of each freezing tank. 

I do not believe that such a conveying system would 
prove economical for ice plants of less than 100 tons 
daily capacity. As long as one, or at the most, two 
men on each shift can take care of harvesting the ice, 
the present system will prove the more satisfactory one 
unless if for some special reason it is desirable to locate 
the ice releasing plant on another floor level than the 
freezing tank floor. This situation may arise in a case 
where the floor space is limited and it is desired to install 
the largest possible freezing tank system in that space. 
By conveying the ice cans to either a floor above or below 
by an automatic contrivance, the largest possible space 
will be available on the freezing tank floor for ice 
making. 

The uniform experience of the manufacturers of con- 
veying and elevating machinery has been that packages 
of the same dimensions and practically the same weight 
are most suitable for automatic delivery. This applies 
in every way to an ice making plant where ice cans and 
ice blocks of practically the same dimensions are handled. 


Cans REQUIRED 


HAVING GIVEN due consideration to harvesting, the 
next problem which must be solved in connection with 
the freezing tank, is the number of ice cans that shall 
be installed in it per ton of daily ice output. This ques- 
tion involves not only the efficiency of the freezing tank 
but it affects seriously the size of the coal pile or else 
the amount of power required to operate the plant. 


In these days where raw water ice making systems 


are almost universally installed when new plants are 
built and old ones increased or improved, this question 
becomes very serious. It is in this direction that I 
believe there is considerable room for improvement in 
design. 

At the annual meeting of the A. S. R. E. of 1917, I 
presented a paper on the ‘‘ Analysis of Can Ice Freezing 
Tanks,’’ and in this paper I went into detail showing 
the manner in which ice freezes in cans, around pipes, 
in pipes and on plates and suggested a formula giving 
the freezing time in hours for freezing solid a standard 
300 lb. cake for varying can freezing surface tempera- 
tures. Applying this formula to an example, we might 
take a freezing tank equipped with 14 1-2-300-lb. ice 
eakes per ton of daily ice output. In this tank the ice 
cakes must be frozen solid in 52.2 hr. and calculations 
show that if the freezing surface or the surface of the 
ice can is maintained at 21 deg. F., that the 300 Ib. 
standard block will freeze solid in that time. If it were 
possible to immerse the cans in liquid ammonia, the 
back pressure on the ammonia system could be main- 
tained at 34 lb. gage. 

Most of the freezing tanks equipped with this num- 
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ber of cans per ton operate on a back pressure varying 
from 15 lb. to 17 lb. and with an average brine tempera- 
ture of from 12 to 14 deg. F. This shows that there is 
a considerable discrepancy somewhere and it should be 
possible to improve the construction of the freezing tank 
to bring its operation nearer to ideal conditions. 

There are several ways to effect an improvement in 
the operation of the standard freezing tanks. The first 
is to increase the efficiency of the liquid feed system 
to the brine cooling coils. A great many have had expe- 
rience with the various flooded systems which have been 
designed for the purpose. It has been found that we 
must be very careful in adopting the flooded system for 
the brine cooling coils as the results obtained have not 
been uniformly satisfactory. The reason for this is that 
the success of the flooded system depends on the size 
and length of the brine cooling coils and on the amount 
of heat which must be removed per square foot of brine 
cooling coil surface in the freezing tank. If any of these 
factors are not properly taken care of the flooded system 
will be a failure, that is, it will not operate successfully 
as a simple direct expansion system. ‘The object of the 
flooded system is to have the largest amount of liquid 
ammonia possible in direct contact with the brine cool- 
ing coil surfaces and to obtain this end, an excess quan- 
tity of liquid ammonia must pass through the cooling 
coils and the arrangement of the separator must be such 
that only saturated ammonia vapor reaches the refriger- 
ating system. 

The main factor which will improve the economy of a 
freezing system is the agitation of the brine. The more 
rapidly the brine circulates between the cans, the more 
effective will be the transfer of heat from the ice can 
surface to the brine cooling coil surface. 

Formerly, when freezing tanks were installed with 
agitators which barely caused a flow of brine between the 
cans, it required from 20 to 24-300 lb. cans per ton of 
daily ice output. Then, as agitation was improved or 
which is more to the point, as it was found that in an 
ordinary distilled water ice making plant the back pres- 
sure could be carried at 15 lb. without obtaining too 
much distilled water for filling the cans, the number of 
ice cans per ton of output was reduced to 10 cans or less. 

The question of the number of ice cans is at this time 
in such an unsatisfactory state that a careful investi- 
gation carried on in existing plants would be of the 
greatest value. These investigations require considerable 
time and some layout of funds and it is therefore diffi- 
cult to get the manufacturers of ice to make the experi- 
ment necessary. 

For instance, if one wishes to investigate the action 
of varying the speed of brine flow in a freezing tank 
thoroughly, it would be necessary to provide in the freez- 
ing tank some means for holding the cans in a vertical 
position, otherwise, the high speeds which my analysis 
of freezing tank variation have shown to be desirable, 
cannot be tested out, for the cans would tip over. Fur- 
thermore, the agitation system would have to be made 
sufficiently flexible that a considerable variation in the 
brine speed would be possible. The size of the freezing 
tank also is of considerable importance in making these 
tests, for if the tank is too large and is long in comparison 
to its width, it will be difficult to increase the agitation 
materially without raising and correspondingly lower- 
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ing the brine level at the ends of the tanks unduly. Such 
experiments, however, would be of enormous value and 
would enable the designer to bring the efficiency of the 
freezing tank on the same level as the efficiency of other 
parts of the ice making system. 

The raising of the brine level due to increased agita- 
tion is also an important factor and brings with it an 
entire change in the design of freezing tanks for high 
brine flow. 

Taking as an example a freezing tank containing 1062 
cans, the freezing tank being approximately 22 ft. 4 in. 
wide and 135 in. long, this tank has with the usual 
agitation, an approximate capacity of 6624 tons. It is 
impossible to increase the brine flow in such a single 
tank to exceed 60 ft. per minute without unduly raising 
the brine level at the ends. As the calculations indicate 
that a brine flow of 120 ft. or more would be economical, 
the construction of such a tank would have to be some- 
what changed in order to allow for the increase in agita- 
tion. My suggestion would be to divide a tank of this 
size by a partition running across the tank into two equal 
freezing tanks and provide separate agitation for each 
one of the two parts. This would mean agitating two 
tanks approximately 6714 ft. long and 22 ft. 4 in. wide 
which can be done for high brine speeds without raising 
the brine level at the ends more than 2 in. or even less. 


Maintaining the same output for the tank when in- 
creasing the brine agitation the benefits derived from 
this improvement will result from a considerable increase 
in the ammonia back pressure which can be carried in 
the brine cooling coils. Ordinarily a tank of this size 
operated with the usual agitation will make 6624 tons of 
ice at a back pressure of approximately 18 lb. The 
boiling point of ammonia at 18 lb. gage is about 4 deg., 
whereas the average freezing tank surface temperature 
to produce this capacity would be 22 deg. F. We have 
there a difference of 18 deg. F. required to transmit the 
latent heat from the water to be frozen to the ammonia 
in the brine cooling coils. 

The object of increasing this agitation is to reduce 
this difference in temperature. The more rapid flow of 
the brine in the tank causes a more thorough mixing of 
the brine as it flows through the tank and a correspond- 
ingly higher transfer from the freezing surface of the 
cans in the brine cooling coil surface. It is easily pos- 
sible to reduce this difference of 18 deg. by one-half 
so that the boiling point of the ammonia in the cooling 
coils would be 13 deg. instead of 4 deg. We would then 
obtain an ammonia back pressure in the cooling coils of 
26° lb. gage which increase in back pressure would 
directly affect the horsepower required to operate the 
refrigerating system. 

To compress saturated ammonia vapor from 18 lb. 
gage to 185 lb. gage requires approximately 1.6 hp. per 
ton of refrigeration. Figuring that 114 tons of refrigera- 
tion are required in the freezing tank per ton of ice 
made, the refrigerating machine operating the above 
freezing tank would have to develop 160 hp. The same 
tank giving the same capacity of 26 lb. gage suction 
pressure and a discharge pressure of 185 lb. would re- 
quire an expenditure of 1.35 hp. per ton of refrigeration 
or a discharge pressure of 185 lb. would require an 
expenditure of 1.35 hp. per ton of refrigeration or a 
total of 135 hp. at the refrigerating machine. 
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From these approximate calculations, it appears that 
a saving of 25 hp. would result due to an increase in 
the speed of the brine that will produce an ammonia 
suction pressure in the brine cooling coils of 26 lb. gage. 
This brings up the question as to the agitator power 
necessary to produce this increase in brine speed. 


I have made some investigations on horsepower re- 
quired for agitation in freezing tanks and an analysis of 
this investigation is given in the paper to which I re- 
ferred before. The freezing tanks from which my figures 
were taken had submerged can, coil and tank surface 
varying all the way from 4000 sq. ft. which is a con- 
siderable range. The velocities of brine flow varied from 
104 to 240 ft. per minute and I found that the horse- 
power required for agitation varied directly as the 
wetted surfaces submerged in the freezing tank and only 
increased very slowly with an increase in the speed of 
brine flow; that is, for a tank having a wetted sub- 
merged surface of 10,000 sq. ft. operated at brine speeds 
varying approximately from 100 to 200 sq. ft., the in- 
crease in horsepower when the speed of the brine was not 
directly in proportion to the speed of the brine. 


You will appreciate that even in the case above cited 
that an increase of 5 hp. in the operation of the refriger- 
ating machines would be a small price to pay. 


The proper length of brine cooling coils, or better, 
the amount of brine cooling coil surface for freezing 
tanks, is a rather difficult matter to determine accu- 
rately. Information available is meagre and it is impos- 
sible to form a élear judgment in this case until authori- 
tative experiments have been made to settle this question 
once for all. The variables involved in this factor of 
the freezing tank are so many that I am rather loathe 
to go into this matter any further. There are, however, 
some outstanding facts which it might be worth while 
to review. ; 

You all know that before the use of the flooded 
system it was customary with the straight direct expan- 
sion system of feeding the brine cooling coils to use 300, 
ft. 114; in. pipe per ton of ice making capacity in the 
freezing tank. This is equivalent to about 130 sq. ft. 
of effective brine cooling coils surface and under these 
conditions the average brine temperature was about 14 
deg. F. and the suction pressure in the brine cooling 
coils about 15 lb. gage which is equivalent to a boiling 
point of 0 deg. for the ammonia. To produce one ton of 
ice in the freezing tank under ordinary conditions re- 
quires about 11% tons of refrigeration so that we have 
here all the factors necessary to figure the heat transfer 
co-efficient between the can surface and the brine cooling 
coil surface. Equating these figures, we find that the 
heat transfer co-efficient in this case is 10 B.t.u. 


When using the flooded system of feeding the brine 
cooling coils it is usual to usq@g maximum of 200 ft. of 
1l4\in. pipe; the other condi vbeing the same. The 
heat transfer co-efficient in t ase would be 15 B.t.u., 
that is, 50 per cent more thafi in the first case. The 
reason why the heat transfer in the case of the flooded 
system is better than in the other is that a properly 
constructed flooded system will feed an excess quantity 
of liquid to the cooling coils which in turn will result in 
a larger part of the cooling coil surface being wetted 
with liquid ammonia. 
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In the ease of the freezing tank which I have re- 
ferred to before where the difference between ammonia 
boiling in the cooling coils was only 6 deg., the flooded 
system was also used and the heat transfer co-efficient 
figured out on the same basis is 34.6 B.t.u., that is, 
over double the former value. 

The reason why the heat transfer was increased in the 
latter case was that there was a greater agitation of 
brine in the freezing tank. 

From all the information that I have been able to 
gather on this subject, I have adopted the following 
formula for finding the heat transfer for the brine 
cooling coils. This formula is as follows: 

k = 2.5 Vv. 

In this formula k is the heat transfer co-efficient in 
B t.u. per hour per square foot of effective brine cooling 
coil surface per 1 deg. temperature difference between 
the average brine temperature and the boiling point of 
the ammonia in the brine cooling coils; v is the average 
speed of the brine in feet per minute. 

Applying this formula to the two cases in which the 
flooded system was used, I find that the speed of the brine 
in the first case was approximately 35 ft. per minute 
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and in the last case 192 ft. per minute. By the use of 
this formula it is possible to approximate closely the 
effective brine cooling coil surface which will produce 
the results desired in any particular cases. 

Briefly summarizing the changes in design which 
would be necessary for higher brine speeds, it appears 
that: 

First, more attention will have to be paid to the 
size of the freezing tank, that is, its length in comparison 
to its width. 

Second, the spacing of the cooling coils should be 
considered. The closer the cooling coils can be placed 
in the tank the less will be the agitation required to 
secure a certain result. 

Third, to maintain high agitation in a freezing tank 
some means must be provided for holding the ice cans 
in a vertical position. This result can be easily secured 
by furnishing for each can a metal strip reaching from 
the framework to the bottom of the woodwork of the 
tank against which the can can rest. 

Fourth, the area of the agitator troughs, size of 
the propellers, the number of propellers require care- 
ful design. 


MACHINERY AND THE M1xincG oF BRINE. By Lincoun S. SPENCER 


5 yr. ago, I never had seen an ice machine and I 

was a bit nervous; but I went at it and I think 
that what I have learned may be of some help to a 
beginner. 

In refrigerating with compression system, we must 
have a compressor and a power to drive the compressor, 
which in my case was a steam engine direct-connected 
to compressor. 

Some compressors are connected like an angle com- 

*pound engine with engine horizontal and compressor 
vertical, giving and taking power from the same crank- 
pin. My engine and compressor were both vertical. 
There must be a heavy flywheel, as these engines run 
slowly and are heavy loaded; the load is like the load 
of a duplex pump and the flywheel is necessary to 
make the engine run steady. 

The compressor has two cranks and pistons set at 
180 deg. apart, so when one is compressing or discharg- 
ing, the other is taking in its charge. These pistons 
are trunk pistons fitted with snap rings, the valves of 
which are constructed wholly of steel or iron. You 
cannot use other metals with ammonia, for it will eat 
them up in a short time, causing leaks and all kinds of 
trouble. The cylinders and valve chambers are water- 
jacketed to prevent being overheated caused by com- 
pression of the ammonia. 

The base or erank chamber is filled with a special 
oil (pure mineral), for a fatty oil coming in contact 
with the ammonia gas will foam and leave the com- 
pressor with the gas. The oil lubricates the cranks, 
wrists and cylinders of the compressor, also the main 
bearings of the compressor. The cranks run in a splash 
which throws the oil and does the lubricating. 

Now, as this oil is in a spray, more or less will be 


Wo. I came on duty on my present position over 


drawn over with the ammonia gas, so we must have an 
oil separator to prevent filling our system with oil and 
cutting down efficiency of our plant. This separator 
is a cast-iron tank. Ours is about 5 ft. long and about 
12 in. in diameter. The discharge from the compressor 
runs about halfway down inside of the drum and the 
discharge from the drum is at the top allowing the oil 
to drop to the bottom, which must be drawn off when 
any amount has accumulated. 

There is a connection in the base of the compressor 
or crank case so that when the system is pumped down 
to a vacuum, this oil may be drawn back into the com- 
pressor. Fresh oil may also be put in through this con- 
nection. 

Now, if you want to repair either side of the com- 
pressor, low or high pressure, the ammonia must first 
be removed, which is done through a bypass with main 
expansion valve closed and the discharge valve on the 
compressor closed. Open bypass and the ammonia on 
the high side can all be pumped into the low, then close 
valves and you may work on the high pressure side. 
Great care should be used when you disconnect any of 
these pipes, for there will be a certain amount of am- 
monia gas that the compressor cannot get which might 
prove injurious to the workmen if they are not careful. 

There is an oil trap on the suction pipe near the 
compressor to take out oil if any should happen to come 
back with the ammonia gas. This trap is connected with 
base of compressor and needs no particular attention, 
only to be cleaned once in a while. 

There is a compound gage on suction or return pipe 
and a high pressure gage graduated up to 300 lb. on 
high pressure side (or discharge side). This is a com- 
pound gage also. The springs in these gages are made 
of steel. There must be a safety valve inside of the 
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stop valve on the high-pressure side to prevent the 
bursting of pipes or blowing off caps of valve chambers 
in case somebody should start up with the stop valve 
elosed, or the circulation of water stop in the condenser. 
The valve should open at 250 lb. and be fully open and 
not let pressure exceed 275 Ib. per sq. in. All pipes 
and fittings should be extra heavy. This valve must 
be a direct spring loaded type (not a pop). 

Lift of valve dise from seat at 275 lb. pressure shall 
be at least 1/6 of-normal diameter of valve. The valve 
is cone pointed to prevent the least possible resistance 
to the flow of gas and is turned to an angle of 60 deg. 
to the seat, which is reamed 1/32 in. wide, the angle 
being 57 deg., allowing the valve to seat on a sharp 
edge instead of flat surface. Valves must be so con- 
structed as to stand this seating. 

The discharge pipe goes from the compressor to the 
oil separator and from separator to condenser, which is 
a set of pipes through which the ammonia gas must 
pass. This condenser is one set of pipes inside of another 
set; cold water circulates through inside pipes and the 
gas is between the inner and outer pipes, being cooled 
to a liquid state by the water and the outside air, thus 
taking away the heat caused by compression, also the 
heat the gas has taken up or absorbed from the rooms 
cooled. The ammonia leaves the condenser in a liquid 
state and goes to expansion, or storage tank. The am- 
monia goes from this tank in a liquid state to rooms to 
be cooled or to the brine tank in case you have a brine 
system, or both brine and direct expansion. There are 
expansion valves in every room to regulate the flow of 
liquid. 

The ammonia in the condenser flows in the opposite 
direction to the water, which is also the case in the 
brine coil; ammonia flows one way and the brine the 
other. One pipe is inside the other, same as condenser. 
This causes brine to circulate freely in direct contact 
with ammonia pipe or cooling coil and takes the coldest 
brine to the rooms to be cooled. It also prevents brine 
from freezing by keeping it in good circulation. 


AMMONIA 


OuR COMMON ammonia, known as hartshorn, ete., is 
a solution of ammonia gas and water, and its usual 
strength is 26 deg. Baumé, known as 26 deg. ammonia, 
Anhydrous ammonia, the other commercial ammonia, is 
a liquid gas and must not be confounded with the 
ordinary liquid 26 deg. The difference is that liquid 
anhydrous is without water. 

I wish to say here that one part of water will absorb 
800 parts of ammonia gas at 60 deg. F. Ammonia gas 
is half the weight of air, so in case of accident and am- 
monia gas is escaping, use a hose if possible and keep 
as close to the floor as possible. 

Anhydrous ammonia is a pure dry amomnia gas com- 
pressed to a liquid. Anhydrous ammonia boils at 27 
deg. below zero F. Ammonia is composed of one part 
nitrogen and three parts hydrogen. A large portion of 
our commercial ammonia liquor is obtained as a by- 
product in the manufacture of coal gas or coke. 


To Fini anv Start System 


First start your engine and compressor and pump 
down to a vacuum, have your drum of ammonia on 
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scales and pipe connected to the low-pressure side of 
_the system near the expansion tank. Be sure the main 
expansion valve is closed, then open the valve slowly 
on ammonia tank and let in the desired amount, which 
you can tell by continually weighing the drum as you 
have it already on scales for this purpose. Then see 
that all expansion valves are closed and open the main 
expansion valve; then the expansion valve to each room 
should be just cracked open so you can hear gas pass 
through. Watch closely your return pipes and see that 
they do not frost back and freeze up your compressor. 
Watch return from each room and you ean tell what is 
going on in each room. They should be frosted outside 
of the room to get good results. When the coils are in 
two sections, one expansion valve might be open too 
much and the other not enough, causing return pipe 
to frost back and at the same time not do the work in 
cooling the room. This you ean tell by listening to the 
expansion valves in the room. Set valves to sound alike 
and if then they frost back, close down on them alike. 


If the return frosts back on the compressor, it will 
cause oil to leave the compressor with the gas and if 
you do not stop the ammonia from coming back so strong 
and drain the oil separator at once, you will fill your 
system with oil. This you must watch closely. 

After starting up an ammonia system, after it has 
run a few hours to get things regulated as stated above, 
shut it down and let it stand a few hours, then purge 
system. - This is done with a small pipe connected to the 
highest point on the high-pressure side with a valve 
close to where small pipe leads off. Run this pipe to a 
convenient place, preferably out of doors, take pail of 
water and put under the pipe, the pipe being submerged, 
just crack the valve and the air that will be at this 
highest point in the system will escape through this 
pipe and pail of water. Watch closely, for when air is 
out, ammonia gas will come and when the gas leaves 
water, it will look white like steam, then close the valve 
quickly. This is a job that requires care. 

At all times, a man should be watching for leaks 
and keep everything up in shape, for ammonia is danger- 
ous to handle. Test for leaks with sticks dipped in 
melted brimstone, set on fire, hold around the joint and 
if it leaks it will show a very white smoke. You can 
also use turmeric paper for tests. If paper turns brown, 
there is a leak, if paper remains yellow, the joint is 
tight. 

If you get oil into your system, pump ammonia out 
of system, blow out all coils with steam to clean coils, 
then blow out with air to get rid of water left from your 
steam. Use ammonia compressor for air compressor if 
you have no air compressor. 


BriINE 


REFRIGERATING brines must be operated at so close to 
zero, which is the freezing point of saturated salt brine, 
that crystals of salt separate. The solid salt crystallizes 
the inside of pipes or outside in brine tank, it clogs 
circulation and insulates the pipes against cold, and 
wastes power by requiring increased circulation. It 
also corrodes iron pipes so freely that it causes leaks, 
repairs, etc., to offset the low cost of salt brine. 

If two kinds of pipes are used, iron and _ brass, 
wrought and steel, etc., a mixture of several chlorides 
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sets up action like an electric battery and dissolves the 


metals. These troubles are hastened if you have a leak- | 


age of electric current onto pipes. 

Calcium chloride contains less of these substances 
and lessens the cost of repairs, gives lower freezing point 
and is much better to handle. 

Return pipes should discharge below the surface of 
brine to avoid saturation with air, which if allowed ex- 
posed to air will in time become acid and corrode. 


Calcium chloride brine made from 75 per cent salvoy 
calcium chloride if allowed to become acid may be made 
alkalirie by hanging a bag containing a few lumps of 
slaked lime in brine tank near return pipe. Salvoy 
calcium chloride, if kept alkaline, will not corrode the 
pipes or ice cans. 

Calcium chloride brine is made by dissolving 100 Ib. 
to 6 gal. of water, add water and test out with hydro- 
meter to get freezing point. We use 3 lb. to a gallon 
of water and find it freezes at 12 deg. below zero. 

Salt brine is made up of 266.81 lb. pure dry salt to 
100 gal. of water. The strength should be 22 deg. 
Baumé. Brine is made of common salt, calcium chloride 
or sodium chloride and chloride of magnesium in water. 
I should recommend using calcium chloride. 

The brine system consists of a tank of brine made as 
above stated. There is a pipe leading from tank to pump 
and from circulating pump to rooms to be cooled, 
through coils in rooms and return by gravity to tank. 
Temperatures are regulated by the amount of brine 
circulating through coils regulated by valves in each 
room. You must remember that the brine must be kept 
cold or the cireulating amounts to nothing. If circula- 
tion stops, you must shut ammonia off coil to prevent 
brine from freezing and bursting the pipes. 

Anhydrous ammonia comes in steel or iron drums in 
a liquid form, is taken into system as stated before, is 
drawn around through compressor to condenser as a gas, 
where it is condensed to a liquid state, and flows from 
condenser to main expansion tank or storage drum. Now, 
as anhydrous ammonia is a liquid gas or gas compressed 
to a liquid state, you see that as soon as it is given a 
chance to expand, it goes from a liquid to a gas. This 
ammonia is taken from expansion tank in a liquid state 
to each expansion valve in each room to be cooled and 
when these valves are just cracked to allow ammonia 
to pass through, as soon as it leaves high pressure at 
about 150 lb. per sq. in. and passes into expansion coils 
or cooling coils at nearly atmospheric pressure, or 5 or 
10 lb. gage pressure, it becomes a gas. 

As the ammonia goes from a liquid to a gas from the 
high to the low pressure, it causes the gas to become 
very cold. This cold gas cools the pipes and absorbs 
the heat in the rooms, the compressor takes back gas heat 
and all and compresses it to high pressure. It is then 
very hot. It goes from compressor to condenser and is 
cooled to a liquid by water, which takes away the heat 
eaused by compressing and the heat the gas has ab- 
sorbed from the rooms cooled. 

Ammonia gas at a pressure of 0-lb. to sq. in. has a 
temperature of 30 deg. F.; 2 Ib.—25.2 deg.; 4 lb— 
20.5 deg.; 10 lb—6 deg.; 60 lb—40.4 deg. So you 
see when the pressure is increased, the temperature 
inereases or raises and as it is allowed to expand from 
a high to a low pressure it does the trick. 
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Opinions differ as to the amount of back pressure to 
carry, but I find that from 2 to 5 Ib. is the better in our 
plant under ordinary conditions, but in summer or 
when the temperature of rooms is up, the back pressure 
will increase and as the temperature in rooms drops, 
your back pressure decreases and you must watch and 
not let your compressor freeze. As the temperature in 
rooms drops and the expansion valves are all set the 
same and there is not the heat to absorb, the ammonia 
comes back stronger and you must cut down on your 
expansion valves or freeze up your compressor. You 
must never let enough ammonia through expansion 
valves to liquefy in coils. 

The tonnage of an ice machine is rated as follows: 
A machine rated at 10 tons means that it would do in 
24 hr. the same amount of work as 10 tons of ice would 
do, going from solid state to a liquid state at 32 deg. F. 
To melt one pound of ice at 32 deg. F. requires 
142 B.t.u. 

One ton would require 2000 142, or 384,000 B.t.u. 
It requires from 50 to 55 sq. ft. of surface per 24 hr. 
ton, maximum capacity. 

Pipe 11% in. in diameter has a flat surface of 0.494 
for each foot in length, or 49.4 per 100 ft., so it would 
take a little over 100 ft. of 114-in. pipe for 24 hr. ton 
(in your cooling rooms). ~ 

Keep all valves free and easy to close in case of 
accident. Look out for loose bolts or rusted nuts, pitted 
pipes, pipes eaten thin close to flanges where brackets 
come in contact, scale on outside, oil on inside, cracked 
flanges or fittings, poor water circulation, packing of 
glands or double pipe condensers. 

The pipes in cooling rooms become frosted, some- 
times very thickly; even ice is formed, due to moisture 
collected from the room. This must be kept off by some 
means, for it cuts down your refrigerating capacity by 
insulating the pipes. This may be scraped off with a 
scraper, by hand, or an easier way—by putting a trough 
under the coils and filling it with granulated calcium, 
which will absorb the moisture. The calcium must be 
changed as it becomes saturated. We have never tried 
this, but I am told that it works well. This saturated 
calcium can be used in the making of the brine. 


‘The Pyramid of Success 


By Jack L. BAL 


T WAS ‘‘open meeting’’ night and the hall was 

they were firemen, oilers, a few university students 

crowded with young fellows. For the most part. 
—all, perhaps,- aspiring chief engineers: The ‘‘Chief,’’ 
of course, was slated for a talk. After his usual pre- 
liminaries, he began: 

‘*Boys, I always consider it a pleasure to address 
young men, especially those young fellows who are pro- 
gressive and seem anxious to forge ahead. I haven’t 
much time for the man who is satisfied to let the world 
just drift along without any effort on his part. That 
particular fellow will, sooner or later, find himself in 
the discard without having accomplished anything to 
his credit. 

‘‘This is the age of progress and opportunity in the 
engineering field. Expansion is always toward the bet- 
ter and larger things, creating, as it were, better jobs 
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for the men who are qualified to handle them. Com- 
petition for these jobs is keen and unless an engineer is 
willing to start at the first step and carefully prepare 
for each succeeding step, he will just get so far along 
because the man who is really competent will edge him 
off and he will not have climbed very far. 

‘‘The first requirement necessary for an engineer is 
interest. A reciprocating engine, a turbine, a boiler, a 
generator—these things should have something about 
them that will fascinate you, hold your attention, make 
you speculate, wonder and think what really wonderful 
machines they are, and the marvellous accomplishments 
that are made possible through their agency. There are 
a lot of engineers, of course, who never give a thought 
of this kind to the machinery that they operate. 


SUCCESS 
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FUNDAMENTALS OF THE PYRAMID OF SUCCESS 


‘‘T happened in a plant the other day. I located the 
chief engineer sitting in a box car chinning with the 
shipping clerk. They have a big Corliss engine that 
is a thing of beauty, but it is headed for the scrap heap 
because of lack of attention. I was looking the engine 
over and found the other engineer sitting on the pillow 
block taking a nap. Now, there was a lot of attraction 
for me in that plant, but for those two fellows the only 
object was to keep the flywheel turning over. They 
were not interested in their work, had no system, and, 
no doubt, were always looking forward to quitting time 
and pay,day. These two men have reached the peak of 
their advancement as engineers, and, sooner or later, 
they will be discharged for incompetency. Steam engi- 
neering is now considered as a profession. If your heart 
and mind does not find contentment in the boiler or 
engine room and you feel that you would be better satis- 
fied somewhere else, I advise you to go there. I have 
always thougLt, too, that any man who works anywhere 
just for the wages he receives is a mighty poor object 
‘o have around. 
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‘* Assuming that a man is interested, he should have 
adaptability. If a man is of a mechanical turn of mind, 
this point usually develops at once. He may be a little 
awkward at the beginning, but the rough edges will soon 
wear away. 

**T have a motto hanging over my desk which reads: 
‘Today is the tomorrow that you worried about yester- 
day.’ It is found quite often that men, eager to get 
ahead, cannot concentrate their minds on any particular 
job, or cannot study a subject long enough to complete 
or master it. If you young men will set a goal that you 
desire to reach and concentrate your mind on that par- 
ticular goal, regardless of those little bumps and set- 
backs that you encounter, you will cross the line in the 
end. : 

‘*Suppose that we raise the steam pressure in a boiler 
to 100 lb. We read the steam gage and it registers so 
much pressure; we look at the gage glass and it shows us 
so much water, but no steam. The invisible energy is 
there stored up ready to do useful work; but unless 
means are found through, say, the steam engine, no work 
will be accomplished. Work is usually interpreted as a 
12 or 16-hr. grind; a continual digging in to the point of 
physical exhaustion. In some instances, this definition 
holds good. The point, however, is that we cannot accom- 
plish anything without work, whether physical or mental. 
Never let work scare you, for I am unaware of a single 
instance where the big men of today have not risen by 
its aid; and, furthermore, no man has ever died from 
work alone. 

‘‘Some of you young men are attending college, tak- 
ing advantage of the present day opportunities. Others 
are acquiring knowledge by the longer and harder road. 
Knowledge, regardless of how «you get it, is the very 
foundation upon which a man builds his success. The 
man with a trained mind has a greater range of reason- 
ing power, is better fitted to solve his own problems, 
and to a degree, he can depend upon himself because of 
his self-reliance. When you boys are graduated you 
will have excellently trained minds, but you will then 
have just completed the first step in your apprentice- 
ship. The school room will give you a thorough ground- 
ing in the fundamentals of engineering, but remember 
that you have to get out in the world and come in actual 
contact with the big and worthwhile things before you 
ean develop.”’ 

The chief went to the blackboard and drew a pyramid 
resting on a base. The base he marked ‘‘knowledge’’; 
at one corner he wrote ‘‘interest,’’ another ‘‘adaptabil- 
ity,’’ another ‘‘concentration,’’ and at the fourth corner 
he wrote ‘‘work.’’ At the apex of the pyramid he wrote 
‘*suecess.”’ 


THAT FULL ADVANTAGE may be taken of the scientific 
knowledge already gained or lying latent, Great Britain 
has established a Department of Science and Industrial 
Research, which will operate to stimulate the production 
of the workers, encourage the industries to employ 
scientific men for the solution of their special problems, 
and to organize research councils to carry inquiries into 
industrial and scientific problems of national importance. 


EacH OPPORTUNITY grasped makes the next one 
easier to grasp. Thus is the habit formed. 
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Automatic Combustion Control 

THE WRITER read with interest John Van Brunt’s 
article in the Feb. 15 issue of Power Plant Engineering 
on the subject of ‘‘Combustion Control,’’ because the 
subject is one that is foremost among the problems of 
fuel conservation and operating economy today. The 
writer was, however, disappointed in the extreme, 
because he had been rather led to believe from the begin- 
ning of Mr. Van Brunt’s article that he was to be told 
where the ideal regulator was to be purchased, a regu- 
lator that had no time lag due to inertia and the neces- 
sary lost motion such as occurs when action is trans- 
mitted from different media by mechanisms. 

The writer found that Mr. Van Brunt was only 
criticizing existing regulators, after which he told of 
what the ideal regulator should do. Then when curiosity 
was aroused, we were told that ‘‘there ain’t no such 
animal’’ as a perfect combustion regulator. 
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Minutes 
CHART SHOWING BAD AND GOOD CONTROL OF AIR SUPPLY 


After reading Mr. Van Brunt’s article, one is left 
with the impression that combustion regulators for com- 
bustion control are not a success, although not perhaps 
a failure; that existing regulators do not function 
correctly nor fully accomplish the purpose desired of 
them. The writer wishes to point out that, at best, an 
automatic regulator or device, can only be expected to 
accomplish its function somewhat more accurately and 
more reliably than if that same function were performed 
by human effort. That many combustion regulators in 
use today do not give better results is in part due to the 
fact that they are not properly adjusted to begin with, 
and in part because they are not properly maintained. 
Apparently, the idea is too prevalent that all that is 
necessary is to install automatic equipment, after which 
operation and efficiency will take care of themselves. 

The use of automatic devices, whether for controlling 
combustion, the operation of hydroelectric plants, or 
other operation, does not mean that human supervision, 
inspection and adjustment should be dispensed with. 
Their use means that, if properly adjusted and properly 
maintained, these automatic devices will do better than 





human control would do. This fact cannot be emphasized 
too strongly in connection with automatic boiler-room 
equipment and boiler-room instruments. 

Few ideals are attainable in this materialistic world, 
and perhaps nowhere is it more difficult to live up to or 
even hold any ideals than in the boiler room. As long 
as we have to get along with anywhere from 50 to 300 
per cent excess air in burning coal, as long as we are 
content to pass nearly 60 per cent of the total heat 
produced to the condenser in producing a kilowatt-hour, 
how can we expect to find the ideal combustion regu- 
lator? The writer is much more optimistic, however, 
than is Mr. Van Brunt. He believes he has found the 
ideal combustion regulator. 

Mr. Van Brunt tells us what the ideal regulator 
should do, and concludes with this statement, apropos 
the ideal regulator: ‘‘At no time will there be more air 
than required for the load existing at the time, nor will 
there be less. The curves of rates of steam flow, coal 
feed and air pressure will parallel each other.’’ The 
writer believes that Mr. Van Brunt has not done justice 
to at least one combustion regulator, and shows here- 
with a diagram to substantiate this belief. 

This diagram shows the correlation of steam and air. 
It is self-explanatory and shows that the regulator 
accomplishes exactly what Mr. Van Brunt says the ideal 
regulator should accomplish. The line on the lower 
diagram indicating air pressure (air flow if you prefer) 
is seen to coincide with the line showing steam flow or 
pressure, the two lines being in juxtaposition a large 
portion of the time during which the data was obtained, 
namely 52 min. This diagram shows very close control 
of combustion, and, therefore, practically constant com- 
bustion efficiency. If the air line were changed to repre- 
sent CO., the discrepancy would be small, being drawn, 
of course, to a different scale. The regulator from 
which the accompanying data was obtained, produces 
what is known as ‘‘balanced draft.’’ 

The accurate control of air to the fuel bed means 
high combustion efficiency, or high CO,, since CO, is 
the one single important index of combustion efficiency, 
provided the regulator is properly adjusted for any 
definite grade of coal; it means, further, minimum wear 
and tear on blower and blower engine or motor, since 
these are not subjected to needless work in the way of 
oscillating from a damper full open to nearly closed 
with an air supply changing in synchronism over wide 
limits. 

In conclusion, the writer wishes to point out that 
there is no doubt in his mind but that automatic com- 
bustion control will give far higher and more uniform 
combustion efficiencies, and therefore operating econo- 
mies in many instances than can be obtained when the air 
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supply is regulated by hand. For one thing, the air 
supply requires to be changed so often that there is not 
time to do it, even if the boiler-room force were willing. 
Second; the coal supply, the water supply, clinker devel- 
opment, blowing down and other routine matters of a 
more conspicuous nature will always receive greater 
attention than will the supply of oxygen, which cannot 
be seen or heard or smelled. It is for this very reason 
that first-class recording instruments for recording the 
flow of steam and air upon the same chart are so valu- 
able; they visualize the correlation of air and steam 
flow, and thus constitute a constant supervisor of either 
automatic or human control. 


We must at all times remember that boiler-room 
instruments and automatic equipment are installed, 
primarily, to bring about better results than can be 
obtained by human control and a given supervision. 
These apparatus are not installed to do away with super- 
vision entirely, although they will almost invariably 
enable fewer men to obtain better results. 

K. RANKIN. 


I HAVE read with interest in one of your recent pub- 
lications an article on the subject of combustion control 
which deals generally with the operation of damper reg- 
ulators and what is required of them As a result, I 
feel eager to outline some observations I have recently 
made in various plants throughout the country. With 
few exceptions, the plants which I have visited were 
greatly overloaded. In many of these plants the boilers 
were equipped with stokers, forced draft and had other 
scientific means with which to conserve fuel, all of which 
are essential in these ‘economic days. 


It has been my further observation, in connection 
with stoker fired plants which have been under the 
control of regulators, to find that in connection with 
the hydraulic type, the forced draft fans have been 
either ‘‘running wild’’ or throttled down to the bypass 
speed, resulting in unfavorable and wasteful conditions. 
On the other hand, I have seen plants in operation, and 
stoker plants as well, which were under the control of 
the so-called compensating or graduating regulator, and 
while in both instances the hydraulic type and the com- 
pensating type were performing their function, the 
difficulty with all these installations was not with the 
regulators themselves, but with the method used to con- 
trol the stoker or fan valves. 

The one thing, in my opinion, contributing to the 
unsatisfactory results obtained was the design of the 
valves on the fan engines; first, because they were larger 
than necessary; second, so designed as to prevent grad- 
ual throttling. In other words, the feed of the valves 
themselves, through the design of the levers, was alto- 
gether too coarse, resulting in their being either wide 
open or closed through a slight movement of the reg- 
ulator. 

A valve can readily be designed to prevent this con- 
dition, and if the valve controlling the fan engine or 
turbine will be under close control through the proper 
arrangement of the valve levers, a graduating acting 
damper regulator will hold the speed of a fan so close 
as not to over-influence by draft the combustion of the 
boiler, or to under-influence it through lack of draft, 
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but will correctly proportion the speed of the fan to 
the draft demands of the boiler. 

As I stated above, in nearly every plant that I vis- 
ited the boilers were overtaxed anywhere from 150 to 
200 per cent during my observations. I was interested 
in one plant in particular where at times a very quick 
demand was made on the boilers, causing the pressure 
to fall suddenly. This plant was equipped with stokers 
and forced draft and the valves on the engine were 
very coarse fed and under the control of a hydraulic 
regulator which was insensitive and operated on about 
5 lb. change; the result being that when the boiler lost 
5 lb: the regulator opened the valve wide, causing a 
sudden influx of cold air pressure to the fire, which was 
not in a condition to receive it, resulting in the cooling 
of the fires, and causing temporarily a greater loss of 
steam pressure. When the pressure began to catch 
up with the demand, the maximum air pressure and 
the speed of the stokers were such that it built up unnec- 
essarily the amount of fire, and when the pressure was 
finally recovered the fan was almost completely stopped 
and the stoker slowed to the minimum speed, the boiler 
accumulating further pressure through latent heat, 
resulting in a heavy fire bed and an unnecessary waste 
of fuel. This performance was repeated several times 
and it should have been obvious to the operator that 
his plant was unbalanced. 

What I want to make clearer is this—while there 
are various theories with reference to the control of 
stoker and fan valves, it is advisable when a quick 
demand for steam is made to prepare the fires to meet 
the load through the use of a sensitive graduating reg- 
ulator and a well controlled valve. 

I am convineed that with the proper valve on the 
stoker engine, operated through a sensitive or compen- 
sating type damper regulator, that not only a greater 
economy will be effected in fuel, but a huge saving in 
the equipment and a great improvement shown in com- 
bustion. 

Right here is where the human element must do 
its part. An engineer must study his plant. He must 
halanee it so as to know at all times what his maximum 
and minimum draft should be, and then adjust the valve 
to the fan engine proportionately so as not to over-blow 
his fire and increase unnecessarily its intensity, but so 
to balance it as to keep a uniform condition and make 
allowances for good and bad fuel and the demands made 
upon his plant, which only study can accomplish. 

In other words, it is much better in time of peace 
to prepare for war than to meet a war half prepared. 

Jays LARKIN. 


Why Torches Sometimes Explode 


I Hap a little experience with my welding torch that 
might have proved fatal. I was welding brass, and the 
torch was hot; the pressure in the acetylene tank was 
also quite low. Suddenly the tip flashed back and 
plugged. I reached for a needle to dig out the end of 
the tip, when I smelled burnt rubber and, feeling the 
acetylene hose, discovered it was very hot. I imme- 
diately shut off the gases at the tanks. After putting 
the tip in order, the acetylene gas would not flow and 
I found that the hose was no longer a tube, but vulcan- 
ized solid. 












I came to the conclusion that when the tip got 
plugged, the oxygen backed into the acetylene hose and 
burned there. If the proportion of the mixed gases had 
been different or more oxygen had backed into the nearly 
exhausted acetylene tank, I might not be writing this 
story. It is pretty well known that the acetylene flame 
will back up into a very hot torch tip. I have actually 
kept my torch burning in a bucket of water, and any 
mixture that will burn in water will certainly burn 
anywhere. 

I am not an alarmist. I use my welding outfit every 
day and feel that it is perfectly safe, unless some abnor- 
mal condition exists. CxHaAs. HAEUSSER. 


Principles of the Air Lift Pump 


THE WRITER has followed with growing interest the 
discussion relative to lifting water from a lower level 
to a higher level by means of air, as started in the 
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ARRANGEMENTS OF TYPICAL AIR LIFT PUMP 


December 15 issue by E. S. R. It would seem from the 
discussion that the principles underlying the air lift 
pump are not very generally understood. The writer 
has had considerable experience in installing the air lift 
pump and in one case which came to his attention, 
repairs in the nature of,a general cleaning were neces- 
sary. This well was constructed about as shown in the 
accompanying illustration. The bottom of the well re- 
quired a cleaning out and it was decided at the same 
time to drill the well somewhat deeper. Accordingly, 


the discharge and air pipes were removed from the well 
joint by joint. 


The well drillers got busy and drilled 
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the well 100 ft. deeper. Upon placing the pipes back 
in the well, the superintendent of the job made an error 
in his calculations and got the bottom of the air pipe 
below the discharge pipe, with the consequence that 
when the air was turned on the water would surge up 
in the well casing and run over the ground for a few 
minutes and then rapidly recede down the casing. The 
next thing that happened was a spurting of water up 
the casing wall, caused by the air pressure and low sub- 
mergence. The water supply to the well was not suffi- 
cient to maintain a running submergence; that is, the 
drop in head was too rapid, otherwise water would have 
flowed from the casing steadily instead of in spurts. To 
cure the trouble, the air pipe was withdrawn, the length 
carefully checked and ‘the pipe re-installed. Several 
lengths of pipe had to be left out and upon making the 
proper connections again, the well worked fine. © 

It will be noticed from the illustration that a dis- 
charge pipe is placed within the well casing and that 
an air pipe is then’ placed within the discharge pipe. 
This air pipe can, however, be placed on the outside 
of the discharge pipe if desired, entering the discharge 
pipe near its bottom end by means of a fitting, or it 
may go clear to the bottom of the discharge pipe, and 
then double back inside for a distance of 10 or 12 ft. 
with equally good results. The running submergence 
or the distance from the pumping head to the air inlet 
should never be less than about 50 per cent of the total 
distance from the point of discharge to the air inlet. 
Due to the lag in the supply of water to the well, the 
water level will drop a certain distance. The distance 
from the surface of the ground to the idle water level 
is the static head, and the water level when the pump 
is working is the pumping head. The difference between 
these two levels is the drop and is seldom if ever the 
same in any two wells. The drop must be ascertained 
in each case by tests. The distance from the running 
head to the point of discharge is the lift. The required 
percentage of submergence varies with the lift; com- 
paratively more submergence is required with low lifts 
than with high lifts. For a lift of about 50 ft., 60 per 
cent submergence will be required; while for a lift of 
300 ft., a submergence of 50 per cent is necessary. 

Ingersoll-Rand gives the following formula by Ed- 
ward A. Rix for calculating the air volume required 


to raise one gallon of water: 
h 





H’—34 
e log ———— 
34 
In which Va=free air (actual) required to raise 
one gallon of water. 
h = total lift in feet. 
H=running submergence in feet. 
e=constant as given in the following table. 
Lift in feet (h) Constant (c) 


a= 


<i caine lit. EEE ETRE 338 
Bei nl EEE ee 326 
st A cnc dl cn EE ETE 292 
See Oe ee Ot bin > be vib owanad 257 
Wee SW VOW Wieeeicis sven saioen 223 


The quantity of water that may be obtained from 
a well per hour depends upon the diameter of the well, 
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the size of the pipes and the water yielding sands in 
which the well is located. The actual pumping level 
of the well, as before stated, depends on the results 
of tests and the submergence must be based on experi- 
ence rather than on any given formula. After the pipes 
are installed the most economical working condition may 
be arrived at by raising or lowering the pipes in the well 
until the proper submergence has been obtained. 
C. C. HERMAN. 


Water Softening in Small Plants 


IN REFERENCE to the article by Mr. Vater, I would 
like to state some of the experience that I have had with 
a water softener, using lime and soda ash; also operat- 
ing the same plant under the same conditions without 
the water softener. 

We have a variable water; it runs from 130 grains 
of hardness down to 4 grains per gallon, and it will 
make this change in 24 to 36 hr. The change the other 
way is not quite so rapid, but takes about two weeks. 
The change from hard to soft is so rapid at times that 
it is impossible for us to change the treating fast enough. 
For instance, we are treating for 50 grains of hardness 
one day and the next day we have a hardness of 5 grains. 
Then we have a softener full of over treated water. Of 
course, a small softener would be easily changed, but 
a large one is not so easily handled. 


We have water tube boilers and with treated water 
we have no scale but we do have serious pitting. We 
have lost seven boiler drums in the last 5 yr.; we also 
have excessive foaming when boilers are operated at 
anywhere near their rating, which calls for a liberal 
amount of cylinder oil in engines. In order to operate 
at all we must blow down each boiler any number of 
times up to 24 in 23 hr. We have tried surface blow- 
off, boiler skimmers and everything we ever heard of 
without any relief on the foaming when boilers are fired 
at their rating. 

As I have stated, we have pitting when we treat the 
water. Now when we stop treating the pitting stops at 
once; start treating again and the pitting starts again. 
We have had chemists and feed water experts but none 
of them have been able to stop the pitting, and the only 
way they have been able to stop the foaming is by blow- 
ing down the boilers. 

We have an open feed water heater and all water 
entering the boilers is at 110 deg. F. Our mixing tank 
has been used about 8 yr. and is as good as the day it 
was put in, but the steel sides of the softener are pitted 
about half way through in spots. The plates are gone in 
large spots under and over the filter bed, and the angle 
iron is less than one-half as heavy as it was when it was 
put in 8 yr. ago. 

We have lost one high- pressure cylinder head along 
with piston and rod, due to foaming boilers when using 
treated water, and have had to replace piston packing 
rings by the dozen, due to wet steam. We have no foam- 
ing with raw water and blow down only 3 times in 24 
hr. We have no scale with treated water, but a heavy 
seale with raw water. The coal consumption is the same 
for either water due to extra blowing down when using 
treated water. We use less cylinder oil when using raw 
water, and rings show practically no wear. 
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I would like to see in Power Plant Engineering views 
and experiences of other operating engineers on the 
water softener and the pitting problem. J. B. 


Quick Method of Draining Steam Line 


WE Hap scattered throughout our plant a number 
of reciprocating steam service pumps. These were used 
off and on during the day as the process work required, 
but when put in operation quick response was desirable. 
It was found, however, that several minutes were lost 
each time the pumps were started up because of the time 
required to blow the water, which accumulated in the 
lines, through the blowoff cocks on the pump. In order 
to eliminate this delay, we rigged up a draining connec- 
tion ahead of each valve on the pump lines, as shown 
in sketch. By means of this 34-in. blowoff connection 
the line could be cleared of water in a few seconds’ 





























SHOWING HOW BLOWOFF WAS FITTED 


time and the pump put in service without delay. It 
ought to pay to put some such similar drain line on 
almost any exposed or long steam line where water is 
apt to accumulate. M. A. SALLER. 


Human Engineering 

THE EDITORIAL under the title of ‘‘Human Engi- 
neering,’’ in the Jan. 15 issue, is, to the mind of the 
writer, one of the best that ever graced the pages of a 
technical magazine, and is as important to the practical 
engineer as any treatise that treats with the more direct 
mechanical problems of the plant. To be a successful 
engineer, under existing conditions, is an accomplish- 
ment of which any individual may be justly proud, and 
those who strive to gain this distinction realize the im- 
portance of putting the best that their personality con- 
tains into duties of their profession or trade. 

While we may have made the problems of steam 
engineering our specialty along the lines of a vocation 
and have adopted this means of supplying our mate- 
rial wants, it is only one phase of existence and when 
rightly viewed, becomes but a side-line in the game of 
life; but when we combine this special study with the 
sane and practical thoughts expressed in that editorial, 
our views become enlarged, our opportunities increased, 
and our conception of life beautified. 

The mind of man is too great an institution to be 
confined to any one particular study, and its healthy 
development depends largely upon its grasp of human 
















affairs and their relationship to every known problem. 
“Environment and mental training’’ become impor- 
tant factors in shaping the course of the individual, but 
to become useful agents in society, to help create the 
conditions of our enviroments, and to contribute our 
share to the mental training of those that help consti- 
tute our environments calls forth the personality of 
each human unit irrespective of the part he plays in 
the industrial arena. Being engineers does not exempt 
us from our moral and social responsibilities, nor free 
us from the duties that citizenship imposes upon us, it 
is therefore very essenti: 1 in our pursuit of any special 
calling to remember that the human side of affairs can- 
not be successfully omitted from any great undertaking. 

Any circumstance that tends to dissatisfaction or 
mental unrest in or around the plant could perhaps be 
easily remedied were it not for the fact that those affected 
carry their real or assumed grievance into their homes 
and social circle, thereby strengthening the hands of an 
element whose radical tendencies are fast becoming a 
menace to the society of the world. 

The peculiar position of the engineer in our manu- 
facturing establishments makes him a capable mission- 
ary either for good or bad in the welfare of the com- 
munity, inasmuch as he comes in contact with almost 
every department of the establishment where he is em- 
ployed, and the fact that stationary engineers as a body 
have contributed so little to labor agitation speak well 
of their ability as individual thinkers. Possessing this 
quality qualifies them as stabilizers in the great commer- 
cial machine. 

Much of the unrest that now exists, comes from the 
fact that men insist upon saying they work for so-and-so 
when a little sound reasoning will reveal the truth that 
we are only working for ourselves and those depending 
upon us. We would not work were it not for the com- 
pensation we receive, and the fact that we work with, 
not for, our employer in the particular business that he 
may have established does not necessarily imply any 
inequality in our standard as men. The mill, the mine, 
the factory and the mart are the great homes of indus- 
try where business discipline must be maintained and 
where its directing heads must scheme and plan for 
the best interests of all who depend upon its successful 
operation for their protection, and if every machine in 
the great power house of industrial progress is expected 
to perform its particular function day after day, the 
men in charge must understand the principles of human 
engineering. C. H. STEPHEN. 


Did the Engine Run Too Fast? 


THE ABOVE question in the Feb. 1 issue of Power 
Plant Engineering prompts me to submit the following 
experience which happened recently with a ‘‘fast run- 
ning’’ engine, a 14 by 30-in. slide valve engine doing 
76 r.p.m. 

Previous to my taking over the responsibility of keep- 
ing the ‘‘thing’’ moving, the governor pulley (the engine 
was equipped with a Waters type of spring governor) 
had been changed from a 4-in. iron pulley with a set 
screw for securing it to the shaft to a 5-in. wooden 
pulley. 

Let me here explain the construction of this pulley, 
which was put on under the supervision of the foreman 


. 
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who had it made. It consisted simply of two halves 
held together on the governor shaft by two long wood 
screws. 

I was on my first week here, but had paid more atten- 
tion to the governor belt than the pulley, as this was an 
old style governor and had no safety device in case 
the belt should break, and the belt had been laced in 
six different places. 

One day shortly after the 1 p.m. whistle blew, I 
was being occupied with a little firing (this was a one 
man plant) and noticed nothing wrong until my return 
to the engine room. Man, O, man! How that old girl 
was traveling! All she needed was two pairs of wheels 
and a track! 

This was a belt driven outfit and running under. 
The main belt had little clearance where it ran through 
a partition to the jack shaft and at every turn the engine 
made, the belt would strike the partition, which hap- 
pened to be of brick, and it wasn’t cased in either. 

I only. thank my lucky stars I was around and on 
my job, not only for my own welfare, but that of all 
others involved or concerned. 

The engine was pounding unmercifully at every 
stroke and God only knows how fast she was traveling 
and gathering speed at every turn. 

I made one grand and glorious leap for the throttle 
and shut her down. It did not take long to find the 
cause of the trouble for the governor pulley was just 
on the point of dropping off the shaft. 

The foreman (?) appeared about this time and after 
learning what had happened, he procured some sand- 
paper and together we got it back on and I started up 
again. 

I asked for a new pulley, either sectional or solid, 
just so long as it had a set screw or two or some other 
similar device so you could fasten it and feel that it 
would ‘‘stay put’’ on the governor shaft. All I got 
back for an answer was: ‘‘Oh, that’s good enough; 
just keep an eye on her!’’ And I did! 

Is it any wonder some engineers get to look old and 
worn when they really are nowhere near that stage of 
life? The flywheel, which was solid and 10 in. in diam- 
eter, was uninsured and now I leave to the readers of 
Power Plant Engineering what might have happened 
had somebody not been around just at the right time. 
It’s safe to say it would have been another so-called 
flywheel explosion or a bad wreck; something would have 
let go sooner or later. 

Now, why will a general manager tolerate such a 
thing as I have just described when a few dollars would 
have insured against a similar occurrence? They know 
and yet they are willing to take the chance, always 
ready to place the blame, however, and clear themselves 
when anything does happen. 

I soon left this place, being apparently unable to 
make the ‘‘foreman’’ understand that I needed a new 
governor belt and pulley along with various other 
necessities. 

I wouldn’t shoulder the responsibility of a plant like 
this and then shoulder the blame later for a serious 
accident which might easily have been averted with the 

expenditure of a few dollars. I have been up against 
other cases where things essential to the safe operation 
of a plant were needed, but this one had them all 
beaten. Leroy BAKE. 
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An Emergency Repair on a Large Nut 

THE ILLUSTRATIONS show how we handled an emer- 
gency job on a gyratory rock crusher. The shaft with 
bell on weighs about 5 tons. The square threads on the 
upper end of the shaft are eut two per inch. The cast- 
iron nut serves the purpose of raising or lowering the 
shaft to regulate the fineness of the rock. 

The threads in nut A, Fig. 1, stripped, and we 
had no new one in stock. To wait for a new nut meant 
a shut-down, so we bored the old nut as shown in Fig. 2. 
The shaft was raised to the right height, and the nut 
was placed over the shaft. All unnecessary openings 
were closed with clay and babbit was poured around 
the shaft. 
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SECTION THROUGH CRUSHER SHOWING NUT WHICH 
WAS STRIPPED 


FIG. 1. 


After removing the clay and oiling up, the crusher 
was ready to run in the morning. About two months 
afterwards, the shaft had to be raised for finer rock, 
but the babbit had shrunk fast onto the shaft, so with 
a new steel nut in stock, we drilled two 114:in. holes 
through nut and babbit parallel to shaft, and broke 
the nut off. The babbit threads were in fine shape. 

W. F. JoHNSON. 


Over Speed; Heating Compressed Air 
ON PAGE 203, Feb. 1 issue, I notice the article by 
C. W. Spahr, ‘‘Did the Engine Run too Fast?’’ I don’t 


know just what part of the country Mr. Spahr hails. 


from, but the little harmless stick of wood theory is 
new to me. 

In years gone by, we used to leave in the safety pin 
on Corliss engines, so the governor could not drop on 
‘‘safety’’ and shut us down, but we never blocked the 
governor down with a harmless stick of wood. 

Incidentally, during the war, we also took out several 
hundreds or thousands of extra horsepower, but we never 
were so near the point of lunacy that we placed the 
entire plant in jeopardy by interfering with the proper 
working of the governors. 

One engine carrying over three thousand horsepower 
dropped its entire load. The exciter voltage played tag 
for a few seconds, then disappeared, and consequently 
the entire load was lost. 
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This engine speeded about four turns. Can you 
imagine the results if the little stick of wood had been 
in evidence ? 

It is not engineering when you deliberately disable 
the governor so that it cannot function properly; it is 
ignorance or criminal neglect. 

When I read of flywheel explosions, and the engi- 
neer is killed, I always prefer to think that he was not 
to blame, that something disarranged the governor; per- 
haps oil accidentally got on the belt and he couldn’t get 
to the throttle quick enough. 

With an engine operating O. K., I have seen oil acci- 
dentally spilled on the governor belt and a near accident 
follow. 

A stop operated from the shaft independent of the 
governor and controlling the throttle is the only solution 
of safety in a case of this kind. 

On page 206, Condenser shows a system of keeping 
tab on the blowoffs. What do the readers think of 
recording thermometers attached to the blowoff and regis- 
tering in the chief’s office ? Such little pieces of apparatus 
are not only possible, but in operation. They not only 
tell the boilers blown, but also the time and length of 
time of operation. 
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FIG. 2. NUT BORED OUT TO RECEIVE BABBIT LINING 


On page 208, W. W. W. asks whether gas will form 
in a storage tank, under the conditions he mentions. 
His illustrations indicate that the compressors are 600 ft. 
away and that he heats the air before entering the reser- 
voir. The oil in the line reaches the re-heater before it 
gets to the reservoir. What is to prevent the oil flashing 
if sufficient heat is applied ? 

If it is possible, I would prefer a cooler at com- 
pressors for extracting the water. I believe that a cooler 
will condense more moisture than any other device and 
my experience with them has been satisfactory. 

Tom THums. 


Wau Street JOURNAL states that rate increases of 
30 to 40 per cent predicted on Canadian railroads as 
result of estimated deficits for current fiscal year would 
total $28,000,000. 
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Criticism Wanted 


THE CARD shown illustrated was taken from a 22 by 
42-in. Brown engine running at 84 r.p.m. on 115 Ib. 
“ai 











22" xs2" 
84 F.PM. 
(SLB. STEAM PRESS. 
FO 28. SPAING. 








WHAT IS WRONG WITH THIS CARD? 


I would like to have it eriticized in 
E. L. B. 


steam pressure. 
Power Plant Engineering. 


Indicator Card Criticism 
THE ILLUSTRATION shows an indicator card secured 
from a 16 by 48-in. Green engine running on 90 Ib. 
steam at 52 r.p.m. I would like to know what ‘other 


16" X 48" 
52 FPM. 
9948. STEAM PRESS. 
GREEN ENGINE 





WHAT 1S YOUR IDEA OF THIS CARD? 


readers of Power Plant Engineering have to say 
about it. E. B. 


Fuel Oil Burning in Vertical Watertube Boilers 


THE ILLUSTRATION shows a 360-hp. vertical water- 
tube boiler equipped with a Murphy stoker, which was 
recently changed from coal to fuel oil. When the change 
was first made the grates were covered with fire brick 
and filled with ash up to the furnace door. The flames 
from the three burners were concentrated on the bridge 
wall and the heat was so intense at this point that the 
brick ran like water. The checkered wall was then 
put in to keep the fla:ie from striking the bridge wall 
and tubes direct. 
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My opinion is that this is not the proper baffle, as 
no air enters the furnace except through the openings 
at the burners. The heat is radiated to the heating sur- 
face and not by convection. Would it not be more effi- 
cient to put a baffle or floor in the bottom of the furnace, 
and have it checkered so as to admit air through the ash 
pit doors. 
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If there is any reader of Power Plant Engineering 
who has had experience in a case similar to this, I would 
like to hear from him. C. J. M. 


Refrigeration Questions for Answer 


FoLLowIne is a list of refrigeration questions, an- 
swers to which by the readers I should like to see pub- 
lished. 

1. In mechanical refrigeration, what is the differ- 
ence between the compression system and the absorp- 
tion system ? 

2. What is the difference between the double-pipe 
ammonia condenser and the atmospheric condenser ? 

3. How does the stuffing box of an ammonia com- 
pressor differ from that of a steam engine? How is 
it packed? 

4. How are ammonia pipe joints usually made up? 

5. What is the analyzer and where is it used? 

6. What is the difference between direct and in- 
direct expansion systems? Which is the better? 

7. How do you know when an ammonia shipping 
drum is empty? 
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8. Where would you charge in? 

9. What is the difference between a brine tank and 
a brine cooler? 

10. What occurs when your back pressure gage drops 
to below zero? R. G. S. 


Who Will Answer These Questions? 


Fo..ow1ng is a list of electrical questions. Who will 
answer them for me? 

1. For three-phase systems, what are the respective 
merits of single and combined transformers? 

2. What becomes of the energy lost by a trans- 
former ? 

3. What would be the effect of connecting a direct- 
current voltmeter across an alternating-current circuit? 
Why? 

4. Which is preferable on an engine driving an al- 
ternator operating in parallel with others, a governor 
sluggish or too sensitive? Why? 

5. What frequency is preferable for the operation 
of alternating-current motors? For lighting? For con- 
verters ? 

6. How is a synchronous converter started? 

7. What kind of a motor is best suited for high- 
speed passenger elevators? For slow-speed freight lifts? 

8. Would a plating dynamo give good service on 
a lighting circuit? Why? 

9. Where are synchronous motors used to the best 


advantage? Where induction motors? 
R. G. S. 


Massachusetts First-Class License Questions 


THE FOLLOWING questions, which I wish you would 
kindly answer for me, were recently asked an applicant 
for a first-class license in the state of Massachusetts: 

. What are water-tube boilers? 
. Describe a B. & W. boiler. 
. How many types of condensers are there? 
. How is a surface condenser operated ? 
. How is a syphon condenser operated ? 
. How high are they? 
. Why is it necessary to make them of such a 
height ? 
8. What do they extend from to that height? 
9. Could they be operated at a lesser height ? 

10. If you were operating a noncondensing engine 
and desired to change to condensing, what would you do 
about the setting of the valves? Would you change the 
cutoff ? 

11. What is the function of the lap on the steam 
valves of a Corliss engine? 

12. If your employer should request you to state the 
size of boiler necessary to develop 200 hp., how would 
you tell offhand without stopping to figure out any 
dimensions ? 

13. How do you determine the maximum allowable 
pressure on a Manning boiler? 

14. How do you find the size of safety valve for any 
given size of Manning boiler? 

15. If you were carrying 150 lb. pressure and reduced 
it to 100 lb., what would you do about the safety valve? 

16. If you were running a cross compound engine 
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with a jet condenser and the pump stopped, what would 
prevent flooding of the engine cylinder? 

17. When changing from condensing to noncondens- 
ing or vice versa, what valve setting, if any, would you 
alter ? 

18. How do you set the governor and valves on a 
Ridgway engine equipped with exhaust steam governor ? 

M. S. W. 


ANSWERS 


THE WATER-TUBE boiler is one in which the water is 
contained in, or passes through, the tubes while the hot 
gases pass over the outer surface of the tubes trans- 
mitting their heat to the water within. 

2. A B. & W. boiler consists essentially of a water 
and steam drum to each end of which a header is con- 
nected, passing in a downward direction and between 
which the water tubes are connected. These water tubes 
slope downward from the fire box to the lowest point 
at the blowoff end. 

3. In general, there are three types of condensers— 
surface, jet and barometric. 

4. In a surface condenser, the steam is caused to pass 
over a number of comparatively small tubes, inside of 
which cold, or comparatively cold, water is passed. This 
has the effect of condensing the steam and allowing it to 
fall to the bottom of the condenser, from which point 
it is removed by means of a condenser pump. 


5. The siphon condenser is a modification of the 
barometric condenser. It consists essentially of a circu- 
lar conical jet into the largest portion of which the steam 
from the engine is allowed to pass. The water in pass- 
ing through the circular orifice exerts a suction on the 
steam and noncondensible gases with the result that 
the former is condensed and removed as water while the 
latter is merely carried out with the water. 

6. This type of condenser must be located at a suffi- 
cient height to secure a distance of 34 ft. from the level 
of the hot-well to the center line of the condenser. 

7. It is necessary that they be made as high as 34 ft. 
for the reason that water, if subjected to a perfect 
vacuum, can be lifted that distance. If they were made 
at a less height, it can readily be seen that water would 
be likely to be drawn into the engine cylinder or the 
turbine casing. 

8. This type of condenser is connected by means of 
a tail pipe to a hot-well. 

9. See No. 7. 

10. If a noncondensing engine were changed to con- 
densing operation, it would probably be necessary to 
set the valves so as to cause earlier compression as the 
back pressure would be extremely low and the engine 
would be likely to knock. 

11. Lap on Corliss valves governs the amount of 
steam supplied to the cylinder as well as the duration 
of admission. Were no lap provided, the valve would 
start to open almost immediately after it had closed. 

12. Use the manufacturer’s rating of 10 sq. ft. of 
heating surface per horsepower. On a 200-hp. boiler 
this would be 2000 sq. ft. of surface. 

13. The maximum working pressure on a Manning 
boiler is that of the largest diameter of its shell and is 
found by multiplying together the thickness of the plate, 
the tensile strength of the material and the efficiency 

















of the joint and dividing this product by the product of 
the radius and the factor of safety. 

14. The area of a safety valve required for any type 
of boiler is found by means of the following formula: 

A = 0.2074G & (W + P) 
Where A = area of valve required 
G = grate surface in square feet 
W = weight of water evaporated per 
square foot of grate surface per 
hour and 
P = pressure in pounds absolute. 

15. Where such radical changes in operation are 
made as reducing the working pressure from 150 to 
100 lb., or vice versa, a new spring should be installed 
in the safety valve. 

16. Modern jet condensers are equipped with vacuum 
breakers, the object of which is to prevent water reach- 
ing the engine. As the water rises in the condenser, 
due to stoppage of the pump, the float is so arranged 
that it will open a valve, breaking the vacuum and 
allowing atmospheric pressure to take effect in the con- 
denser. 

17. See No. 10. 

18. We do not know what you mean by an exhaust 
steam governor. The Ridgway engine is supplied with 
a shaft governor, which operates on a combination of 
the centrifugal and inertia processes. The valves on 
these engines are set at the factory and, under ordinary 
circumstances, the setting should not be interfered with. 
The cutoff as well as other stages of the stroke are taken 
eare of by this governor. 


A Belt Problem 


In REGARD to E. R. B.’s difficulty, page 255, Feb. 15 
issue of Power Plant Engineering, I offer the follow- 
ing suggestions: He should see that his generator and 
engine are both perfectly level and in line, and that the 
pulley is true, and earries no irregular accumulation 
of belt dressing. 

If this generator has: been driven by this engine with 
another belt with the same load, and no trouble was 
encountered, and if this belt is put together in the same 
manner as the old one, then the trouble is caused by 
the newness of the belt. The belt should be run at about 
half speed and an occasional application of castor oil 
should be made to its face to limber it up. 

If the trouble has always existed, it may be due to 
the fact that the belt is too small for the power it has 
to transmit, and, of course, in that case, after it reached 
the limit of its transmitting power it would slip off 
the pulley. 

The belt may be defective or out of balance by being 
heavier in some parts than in others. 

E. R. B. fails to state just how much load he is 
carrying on his generator. The peak load must be given 
due consideration when figuring the amount of power 
the belt is required to transmit. A good rule to deter- 
mine the horsepower a belt of given width will transmit 
when running at a.given speed is, for double-ply leather 
belts: multiply width of belt in inches by 60, and the 
product by speed of belt in feet per minute, and divide 
the product by 33,000; the quotient will be the number 
of horsepower that the belt will transmit with safety. 
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The flickering of the lights is an indication of belt 
slippage. H. W. Rose. 


I NOTE on page 255 of the Feb. 15 issue that E. R. B. 
is having trouble with the belt on his Allis-Chalmers 
Corliss engine. This trouble is due to sympathetic vibra- 
tion. The vibration period of the belt is about the same 
as the impulses given the flywheel by the piston. Each 
impulse given by the piston tends to pull the belt and 
flap it, each successive impulse comes so timed that it 
makes the flapping and twisting worse. That undoubt- 
edly is the true reason for it. 

There are at least two remedies. The engine speed 
may be slowed down, perhaps about 12 or 14 per cent 
and the size of the generator pulley decreased so as to 
give the proper speed. This would put the engine rota- 
tion out of harmony with the vibration period of the 
belt. Perhaps better still would be to shorten the dis- 
tance between centers to about 23 or 26 ft. This would 
accomplish the same result. There may be other ways 
to do the same thing, but the last mentioned seems to 
me the best. I feel quite sure I have told the real rea- 
son for the flapping and also given a correct answer. 

Vincent CHADWICK. 


Allowable Turbine Bearings Temperatures 


WITH REFERENCE to the above subject as requested 
by J. H. McK. in Power Plant Engineering of Nov. 15, 
1919, and the answer thereto by F. A. Lekava, of 
Jan. 15, 1920, I do not approve of the idea advanced 
by F. A. Lekava. The best cylinder oil, generally speak- 
ing, contains traces of sulphuric acid and its use is 
bound to cause trouble. 

Since J. H. McK. does not state whether his oiling 
system is of the force feed or ring oiler type, it is hard 
to diagnose his case at long distance. 

I would insist on the builders of the turbine remedy- 
ing the evil, which manufacturers are quite ready and 
willing to undertake, if given the opportunity. If the 
turbine has been in operation for some time, then it 
behooves the engineer on the job to get busy and locate 
his trouble. 

If the bearings are of the ring type I would say 
that he is not using oil of the proper viscosity. (As for 
using oil that is reeommended by the manufacturer, that 
has no bearing on the ease, since it has been my expe- 
rience to use the specifically recommended oil and get 
no results.) I have had instances where I was com- 
pelled to use one grade of oil in the steam end bearing, 
and another grade on the exhaust end bearing. Using 
the same oil in both bearings would result in one run- 
ning hotter than the other, and when I say hot, I mean 
hot, for the thermometer registered 220 deg. F. With 
ring bearings, it is easy to determine whether the proper 
oil is being used; viz., if the oil foams, leaves a tarry 
deposit, or emulsifies, it is not right. Dirt, such as lime 
from waste, unclean conditions of plant, water in oil, 
compounded oil, leaky packing cases, heat transference, 
steam chest in close proximity to bearing case, are causes 
for hot bearings, as well as too close fitting bearings, 
too loose fitting bearings, vibration, misalinement, rac- 
ing of turbine, turbine shaft rubbing filler pieces of 
bearing cases, and where thrust collars are used on tur- 
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bine shaft, thrusting of turbine rotor, whether it be 
due to improper design of buckets, nozzles, dise pressure 
balance holes, or leaky diaphragm packing. 

If the turbine bearings are of the force feed lubrica- 
tion type, then I would look for the trouble in my cooler 
first. A simple method, if no thermometers are avail- 
able, is to place one’s hands on oil inlet and oil outlet, 
and note the heat according to sense of feeling. If oil 
emerges as hot or nearly as hot as it enters the cooling 
coil, then the coils are dirty, either inside or outside 
or both. 

I have seen instances where hot bearings were 
caused by this very trouble. It is my practice to hook 
up cooling coils so that I can bypass the cooling water; 
in other words, in a counter flow cooler, water enters 
the bottom of tank, coming in contact first with coils 
containing coolest oil, and emerges from top of tank 
where hottest oil coils are. My method is so to hook 
up cooling water inlet and outlet, that I can cause water 
to enter either the top or bottom of the tank at will, and 
by this method I am always able to keep the outside of 
the coils clean, as I always manipulate the water valves 
or cocks twice every day. By this method the reversed 
flow of water will wash out any accumulation of mud, 
leaves, ete., that may be suspended in the water and 
drop to the bottom of the tank. In case I have com- 
pressed air available, I hook up the water lines, in both 
instances with air attachment, so that I can produce a 
swirling motion of water in the cooler, so as to agitate 
the foreign substances and get them out of tank with- 
out having to dissemble the tank. 

For dirty, slimy insides of oil tubes, I first use steam 
to blow out all smudge, ete., then follow with a blow- 
ing of compressed air and then wash with hot soda 
water, stand on end and thoroughly drain, finally blow- 
ing out with dry compressed air. 

Temperature, as well as quantity of cooling water 
has a great bearing on the oil temperature of outlet 
oil. If the temperature of the cooling water is high, it 
would be advisable to install another cooler, thereby 
giving greater cooling area. The same holds as regards 
the temperature of the room. 

In conclusion, at best there are numerous things to 
take into consideration, and it devolves entirely upon the 
engineer to study his turbine from every angle, to lend 
an ear to suggestions, but by all means not to try to use 
every theory advanced. Put them together, shake thor- 
oughly, shake them down again, think some more, then 
go after the nigger. Jay C. WHEELER. 


Preparing a Log Sheet for Ice Plant 


IF POSSIBLE, will you send me a sample log sheet for 


an electrical driven raw-water ice plant? J. A. N. 

A. In response to your requests, we do not have 
sufficient data to enable us to lay out such a sheet for 
you. We can suggest, however, some of the data which 
should be included in such a log sheet. 

For the ammonia compressor, records should be kept 
of the time started, time stopped, hours run, kilowatt- 
hours used and hourly readings of amperes, suction and 
pressure, temperature of suction and temperature of 
discharge. 

For the air ecmpressor, records should be kept of 
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the time started, time stopped, hours run, kilowatt-hours 
used and hourly readings of amperes and air pressure. 
Records should be kept of the time the agitator was 
started and stopped, the number of hours run and the 
power consumed. 

The general information should include the tempera- 
ture of air outside and inside as well as hourly barom- 
eter readings. The temperature of the raw water and of 
the brine should be taken hourly and a record of the 
total amount of ice produced during the day should be 
kept. Delays should be recorded, noting the length of 
time and the cause, and space should be allowed for 
keeping tab on supplies used as well as repairs. , 


Power for Ice Making 


I AM IN CHARGE of a No. 4 Jewel 7 by 8-in. engine 
operating at a speed of 280 r.p.m. under a steam pres- 
sure of 100 lb. Will this engine be able to pull a 12-ton 
ice machine at full capacity ? J. E. F. 

A. In order to give you at least an approximate 
answer to the question embodied in your letter, it has 
been necessary for us to make an assumption as to the 
mean effective pressure of the steam within the cylinder 
of your engine. 

You state that the steam pressure, which we pre- 
sume is that of the boiler, is 100 lb. As a consequence, 
we have assumed a mean effective pressure of 60 lb. 
The horsepower of any steam engine may be calculated 
by means of the following formula: 

Plan 
Hp = 
33,000 

Where P is the mean effective pressure in pounds 
per square inch, or 60 in this case; 1, the length of 
stroke in feet, is 8/12, or 0.66 feet; a, the area of the 
piston, is equal to 0.7854 < 49, or 38.48; n equals 560 
strokes per minute, or 

60 & 8/12 * 38.48 « 560 


Hp = = 26.12 hp. 





33,000 
Roughly speaking, we may estimate that 114 hp. is 
required per ton of refrigeration so that for a 12-ton 
machine you will require 114 X 12, or 18 hp., thus indi- 
cating your engine to be of sufficient capacity to operate 
the machine referred to. 


The Reason for the Lost Motion 


IN REGARD to the question I asked, as to the reason 
for the short stroke of my Fairbanks-Morse boiler feed 
pump, I will say that I have located the cause of the 
trouble. 

I found that the pump was old and considerably 
worn. I took up a lot of lost motion, and am having 
no more trouble. P. W. M. 


IT 18 ANNOUNCED in the New York Times that the 
president of the Standard Oil Co. of New Jersey predicts 
that the great oil problem to be solved is meeting in- 
creased demand in the future. He estimates that in 
1925 the total needs of the oil industry in the United 
States will be about 650,000,000 bbl., as compared with 
436,000,000 bbl. used last year. 








POWER PLANT 
ENGINEERING 


Trade-mark, Reg. U. S. Pat. Office 
Issued the lst and 15th of month. Established over 24 years. 


Published by the TECHNICAL PUBLISHING CO. 


537 South Dearborn Street, Chicago 
New York Office, 150 Nassau St. 
Subscription price $1.50 a year in postal zones 1, 2, 3, 4 and 
5, which include all postoffices within a distance of 1400 miles 
from Chicago. 


Subscription price $2.00 a year in postal zones 6, 7 and 8, 
which include all postoffices more than 1400 miles from 


Chicago. 
Copies, current issue, 10 cents; back numbers, 20 cents. 





Notify us at once of any change of address, giving the 
old and the new address, so that your paper may always 
reach your promptly. 


Copyright, 1920, by Technical Publishing Co. 


Entered as second class matter May 1, 1908, at the Post 
Office at Chicago, Illinois, under the act of March 3, 1879. 


Member, Associated Business Papers. 
Member, Audit Bureau of Circulations. 


Circulation of this issue 24,000. 





CONTENTS 
Successful Pulverized Coal Installation. By I. L. Kentish- 
SORtes MEO on Gh sa satire bese ian oad eke ewes 313 
Progress of Power Engineering—II. By L. W. Alwyn- 
Mh aU chick ae aec Gea ewones skeen asee aaiew or 321 
Eliminating Fuel Waste in Power Plants. By Charles L. 
PRUDRIH:. SUMMOITRDOK: os o66o6505 050 0s0ecsc dees ss 45:5 324 
Clifton H. Wheeler. By T. Roberts. Illustrated......... 327 
Power Generated by Public Utilities. Illustrated........ 328 


Vertical Hydroelectric Thrust Bearings. By L. W. Wyss. 
EEE Seco aks eee ana aGe se aSs or osk sina Nor sac eee 329 


injector Prouble: By Hi W. Rose. ..5 260260550005 seen 331 
Protective Relays. By J. T. Kane. Ilhustrated........... 332 
Synchroscope Fault Ascribed to Generator.............. 333 
Service Meter Troubles. By W. A. Darter. Illustrated. .334 
Simplicity of Ohm’s Law. By J. B. Dillon............... 334 
Physical Examinations of Hoisting Engineers in Utah. 
By, CAS Allen and Dr: A: U.- Murray .....ssscssa0ees 335 
Copra Meal as Fuel. By Charles W. Geiger.............. 336 
New Type of Hydraulic Turbine Runner. By Forrest 
arnt. MUUNBEAIBO ais 6 oes cd csewcisseueh s soea ls Saeuue 337 


Experiences at the Glendale Plant. By G. H. Kimball. 
SUITS one kc Say haunireko es soxee 64a keen kas ss eons 340 
Preezmg Tanks. By Fred Ophiuls... ....0<306000002089%05 341 
Practical Pointers on Refrigeration. By Lincoln S. 
MERGE ih won sec esh kee eeu en basa namaste ass chunks 344 
The Pyramid of Success. By Jack L. Ball. Illustrated... .346 
Letters Direct from the Plant: Automatic Combustion 
Control. Why Torches Sometimes Explode. Princi- 
ples of the Air Lift Pump. Water Softening in Small 
Plants. Quick Method of Draining Steam Line. 
Human Engineering. Did the Engine Run Too Fast? 
An Emergency Repair on a Large Nut. Over Speed; 
Heating Compressed Air. IIlustrated............... 348 
Questions and Answers: Indicator Card _ Criticism 
Wanted. Fuel Oil Burning in Vertical W. T. Boilers. 
Refrigeration Questions for Answer. Who Will 
Answer These Questions? Massachusetts First-Class 
License Questions. A Belt Problem. Allowable Tur- 
bine Bearing Temperatures. Preparing a Log Sheet 
for Ice Plant. Power for Ice Making. The Reason 
for the Lost Motion: Mlustrated..¢..5 ..6..006sese00 354 
Editorial: Size and Efficiency. Milwaukee Pulverized 
Coal Installation. Helps to Make the Plant Safe..... 358 


Innovation in Storage Heater Construction. Illustrated.-.360 
A New Rapid Pressure Filter. IIlustrated.............. 360 
RS. Sis. 5 wich ante aes teak oauee eos 8 ce oe 361 
REP SEOIIRIIN YS 5 oak ss sins how abane $end ARR OORs COOLER EOE 362 


TE I kl Aca ices a be boa OA UMM BES eos he kD woe 362 


POWER PLANT 
358 ENGINEERING 


March 15, 1920 


Size and Efficiency 

Development of industries has in the past tended 
toward concentration into large organizations and large 
plants. In the minds of some, there has been a ques- 
tion of how far this could go before the disadvantages 
of lessened loyalty to employers, less appreciation of the 
individual worker, and less effective supervision would 
offset the advantages of decreased overhead expense and 
economy in buying materials and in selling product. 

Evidently in some organizations the limit has been 
reached, for there have been attempts, by dividing into 
departments and separate plants, conducted independ- 
ently of each other with respect to manufacturing and 
selling, and co-ordinated only in financial management, 
to reproduce the conditions of smaller organizations com- 
peting with each other. 

From the standpoint of the community, whatever 
will result in lowest selling cost of product is advan- 
tageous. Hence, centralization is to be desired up to 
that point. Use of labor-saving machinery, expert super- 
vision, buying and selling in quantities to get the best 
prices on materials and the lowest costs of distribution 
are to be desired. But, except in the case of industries 
such as water supply, transportation and telephone sys- 
tems, where effectiveness is increased by a monopoly of 
the field, so regulated as to safeguard the interests of 
the public, a point is soon reached beyond which the 
advantages of size are overbalanced by the disadvantages, 
even considering the interests of owners alone. And 
the temptation to abuse of great power, and removal of 
the restraints of competition are a disvinct loss to the 
public interest. 

In addition, the concentration of business in the 
hands of giant corporations works toward the piling up 
of big populations in industrial centers, depleting the 
smaller cities and rural districts with resulting condi- 
tions that are unsatisfactory and injurious to workers, 
employers and the country at large. 

In the case of power generation, there is a like ten- 
dency to concentration, and a like limitation. It is 
necessary for a plant to have capacity to care for the 
maximum demands of customers. If the load is all of 
like requirements, this is likely to result in a low load 
factor, which could be improved by throwing together 
stations of diverse requirements. But simply piling 
together station loads of like requirements will not 
greatly reduce cost of generation after the size of single 
units has reached about the maximum of efficiency, 
which analysis has shown to come at around 5000 kw. 
Some gain will be secured in generation, but it is likely 
to be offset by costs of transmission,. transformation and 
loss of efficiency when running the big units at light 
loads. 

By employing the best brains in supervision, it is 
possible to secure the best planning for equipment and 
operation, but this can be achieved by co-operative action 
of a number of medium sized plants as effectively as by 
combining plants and using larger units. And by a 
system of interconnection, and emergency interchange 
of current, greater reliability can be secured than with 
a smaller number of units of increased size. 

As in any complex problem, the best solution in any 


‘ given case must be attained by careful consideration of 
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the circumstances of that case. General rules are use- 
less and misleading. But study of the present continu- 
ing tendency toward overgrown concentration, especially 
in manufacturing organizations, leads to the belief that 
in many cases we have passed beyond the economic limit 
and have acquired, as a by-product, great difficulties 
in maintaining satisfactory relations between employers 
and workers, desirable living conditions, and rational 
balance between manufacturing and agricultural activi- 
ties of the country. 


Milwaukee Pulverizing Coal Installation 


For about two years, the Milwaukee Electric Railway 
& Light Co. has been experimenting with and developing 
an installation of pulverized coal burning equipment at 
its Oneida Street station. Originally but one boiler was 
equipped with powdered-coal burners; today five boilers 
use this form of fuel. The actual facts concerning the 
installation have been kept quiet, and inspection of the 
plant has not been granted to visitors, on the ground 


that the company was not ready to publish its findings _ 


as to pulverized coal. 

But, on February 19, a meeting was held at Milwau- 
kee, under the auspices of the Employes’ Mutual Benefit 
Association Technical League, at which John Anderson, 
chief engineer of power plants, Milwaukee Electrical 
Railway & Light Co., presented a paper on the subject 
of ‘*Pulverized Coal.’’ The presentation of this paper 
was the first authentic information given out concerning 
the results obtained with the pulverized coal installation 
under actual operating conditions extending over a con- 
siderable period of time. The matter was adjudged of 
such importance, that invitations were distributed to a 
very large number of consulting and operating engi- 
neers, the engineering societies and the technical press. 
The result was that the meeting in Milwaukee on Feb- 
ruary 19 was attended by about 500 engineers from 
many cities. After the presentation of Mr. Anderson’s 
paper, an inspection trip to the Oneida Street station 
was made, the first inspection allowed. 


After having enumerated the advantages of pul- 
verized coal in general, Mr. Anderson took up the ques- 
tion of when the use of pulverized coal would be found 
advantageous and when it was not feasible. He stated 
that pulverized coal installations are not feasible in 
every location, nor when the size of the plant is less 
than 2500 developed boiler horsepower, on a 24-hr. 
operating basis. The experiences in Milwaukee have 
been pleasing, and pulverized coal is proving success- 
ful. The men prefer powdered coal burning to handling 
stokers; it is being found economical; appears to lessen 
the formation of scale inside the boiler tubes as com- 
pared to stoker firing; eliminates entirely all trouble 
due to smoke and soot since smoke is absent. The corro- 
sive effects of sulphur in coal are lacking because of the 
extraction of all but 1 to 2 per cent of the moisture in 
the coal before burning. No trouble nor any explosions 
have been experienced and operation has been flexible, 
reliable and efficient. 

The results at Oneida Street have been so satisfactory 
that the Milwaukee Electric Railway & Light Co. have 
decided to construct another station for burning pul- 
verized coal exclusively. This station, the ground for 
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which is already broken, will be know as the Lake Side 
station, will contain, initially, eight 1306-hp. boilers, and 
will be built long and low to facilitate coal handling and 
minimize the lift. The design has been termed the 
‘‘bungalow type’’ by the engineers of T. M. E. R. & L. 
Co. because of the comparatively low height and large 
area covered. It is expected to have this station in serv- 
ice before the winter peak takes place. 

From November 11 to 15; 1919, the five 468-hp. boil- 
ers at Oneida Street were given a very complete test 
under actual operating conditions, which was dwelt upon 
by Mr. Anderson. This test is probably one of the most 
extensive ever carried out, since the test was virtually a 
test of the entire pulverized coal section of the station. 
In other pages of this issue will be found a description 
of the salient features of the pulverized coal installation 
at Oneida Street, and results of the above-mentioned 
tests. 


Helps to Make the Plant Safe 


Power Plant Engineering is pleased to announce an 
arrangement with the National Safety Council whereby 
that organization will furnish a series of special safety 
articles for Power Plant Engineering, starting in the 
issue of April 1, 1920. 

This arrangement makes available to the readers of 
Power Plant Engineering in large measure the valuable 
services of the National Safety Council—the nation’s 
clearing house for information on statistics, methods, and 
experiences in accident prevention, sanitation and health. 
Inasmuch as the National Safety Council is a non-com- 
mercial co-operative association of some 4000 of the 
country’s largest industrial concerns, governmental 
agencies, technical schools, ete., membership includes the 
great bulk of the safety engineering knowledge and 
talent of the United States. 

During the next months, Power Plant Engineering 
will publish articles prepared by the National Safety 
Council on such subjects as: Boiler rooms; cranes; belt 
shifters and belt shippers; belts and belt guards; shaft- 
ing, couplings, pulleys, gearing; engine guarding and 
engine stops; oiling devices and oilers; exits, fire alarms 
and fire drills; accident records; gas and electric weld- 
ing; fire extinguishment; manila and wire rope; fire 
causes and prevention—common hazards; electrical 
equipment in industrial plants; first aid and industrial 
hospitals; private fire brigades; fuel handling and stor- 
age; ventilation; conveyors (chain, belt, bucket, also 
gravity chutes) ; and compressed air machinery. 


THE ONLY thing that lasts, that does not lose its 
flavor and grow stale, is anticipation. An event is soon 
over. At the end of the feast is the stupor. A pungent 
smoke grows flat in the smoking. Ambition is applied 
anticipation. 


Accorpine to information from San Francisco, the 
Standard Oil Co. of California has been compelled to 
limit exports of refined oil to a minimum, because of 
shortage of oil. It is stated that crude oil production in 
California is 25,000 bbl. a day short of requirements, 
and a deficiency of 10,000,000 bbl. is indicated for this 


year. 
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A New Rapid Pressure Filter 


HOWN in the accompanying illustration is a re- 

cently developed rapid pressure filter made in ecapac- 

ities of from 2000 to 216,000 gal. each 24 hr. 
Essentially this filter consists of a closed cylindrical 
shell of iron or steel containing a layer of carefully 
selected silica sand superimposed on gravel graded so 
that its voids are smaller than the sand grains. 

On the style of filter shown a specially designed 
manifold strainer system is provided, embedded in 
cement mortar over a concrete or stone filling. Brass 
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NEW RAPID PRESSURE FILTER 


strainers are used and these are well secured and dis- 
tributed over the area of the filter, at the same time 
offering little resistance to the passage of water in its 
direct or reverse flow. During back wash operation, 
they serve to distribute the water evenly over the sand 
bed. 

Only gate valves are used and the wrought or cast- 
iron piping together with the containers are protected 
by a coat of non-corrosive paint. 

Coagulant tanks are provided for the feeding of alum 
to the untreated water as is also a Venturi tube on this 
style, which automatically varies the flow of chemical 
in proportion to the flow of raw water. 

In normal operation of this filter, valves 1 and 5 are 
opened, which allows water to enter at the top of the 
filter and pass on downward through the sand and gravel 
to the outlet. Valve 7 on the coagulant tank is set to 
feed sufficient chemical to produce clear filtered water. 
During backward operation the water flows through the 
filter in exactly the opposite direction entering through 
valve 3 and passing out through the top opening of the 
container through valve 2 to the drain. By opening 
valve 4 the first filtered water is wasted and as soon 
as the water appears perfectly clear in the sight glass 
it is shut. Valves 6 shut off the coagulant flow. 


ENGINEERING advance is responsible for the world’s 
progress, yet the engineering profession enjoys less 
prestige than that of the merchant or banker. 
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Innovation in Storage Heater 
Construction 


HE new storage heater shown herewith and recently 

placed on the market is intended to supply hot water 

in hotels, apartment houses, factories, ete. It departs 
from the general practice as regards the construction of 
the heating surface. It has been standard practice with 
manufacturers to use U tubes for the heating element 
of a storage heater. Careful study and experimentation 
have shown that practically all of the work of heating 
is done in the upper or outgoing portion of the U tube 
and that the lower, or return portion of the tube sim- 
ply acts as a drain pipe and returns the condensed steam 
to the steam head. It is therefore obvious that in a U 
tube heater practically half of the tubing is useless as 
a heating medium. Furthermore, a certain volume of 
exhaust or live steam, when condensed, will occupy only 
about 1/1600 of the volume of the steam. Therefore the 
large area of the drain tubes in a U tube type of heater 
is absolutely unnecessary and waste material. 

The storage heater shown is designed with a certain 
number of straight tubes in the steam element, and these 
tubes are of sufficient length to insure that the required 
heating will be taken care of and that all of the steam 
will also be condensed when it reaches the rear end of 
these heating tubes. It is therefore only necessary to 
provide an area of drain tube section sufficient to carry 
the condensation back to the steam head. 

The heating surface consists of seamless drawn brass 
tubes expanded into a fixed tube plate at one end, and 
a floating tube plate at the other end, thus permitting 
expansion and contraction of tubes without strain on 
the tube joints. This construction, as contrasted with 
the U tube, eliminates the necessity for removal and 
scrapping of a large portion of the tube surface in order 
to replace an inner tube—as is the case in U tube con- 
struction. The tubes are all of the same length and this 
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GENERAL VIEW OF NEW STORAGE HEATER 





reduces the spares necessary to be carried in stock, and 
in fact permits the purchase of stock tubing to replace 


worn-out tubes. 
The shell is regularly furnished of welded construc- 


tion, but can be riveted if preferred. A manhole is pro- 
vided to permit easy access to the shell for inspection 


and cleaning. 
















Accorpine to statisties made public by F. W. Dodge 
Co., New York, contracts awarded for building and engi- 
neering operations in January in 12 states north of the 
Ohio River and east of the Missouri River reached record 
total of $235,848,000, more than twice the value of con- 
tracts awarded during any January in the last 10 yr. 
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Book Reviews 


CONTROLLERS FOR E.ectric Motors, by H. D. James; 
354 pages, 259 illustrations; New York, 1919; price, $3. 

Ever-increasing application of electric motors to the 
industries with their varied and exacting service require- 
ments has resulted in the development of innumerable 
forms and types of controllers and controlling devices. 
Many of these are extremely simple in construction and 
operation; others, however, are complicated to a high 
degree and require for their continuous and satisfactory 
working and proper maintenance an intimate knowledge 
of their principle of operation and details of their con- 
struction. Manufacturers’ literature and instruction 
.pamphlets as a rule provide the man in charge of such 
electrical equipment all the information he may desire or 
at some critical time require. Such information is, 
however, not always available when needed and fre- 
quently does not apply to the particular type, form or 
size of device in question, leaving the man stranded or 
foreed to solve his problem as best he may. 

In order therefore to meet the requirements of men 
charged with the installation, operation and care of elec- 
trie motor controlling devices, the author has compiled 
in this volume the series of his articles on this subject 
originally published in the Electrie Journal during 1917 
and 1918 with some added text and illustrations. Not 


only are the various types of controllers, their principle 
of operation and details of design very thoroughly dis- 
cussed, but line drawings showing the scheme of con- 
nections to be employed are illustrated, although the 
diagrams given are more for general information than 


for use in actual construction work. For such purpose 
the author suggests obtaining the necessary diagrams 
and instructions from the makers. 

In addition to the more elementary phases of the 
subject there are treated the following: Direct-current 
and alternating-current controllers; resistors, protective 
devices ; series-parallel control and the electro-pneumatic 
contactor; voltage control for direct-ceurrent motor; 
mine hoists, machine tool controllers and controllers 
requiring low initial speed, such as printing presses and 
rubber calenders; and steel mill controllers. The seven 
closing chapters are devoted to cranes, car dumpers, ore 
and coal bridges, coke, elevators, electrical equipment 
for oil wells and locomotives for mines and general indus- 
trial purposes. 

A review of the book reveals the broad and important 
field covered and its value to the electrical workman who 
has ought to do with apparatus for the control of elee- 
tric motors. 


THE Metric Fauuacy, by Frederick A. Halsey, 229 
pages, 6 by 9 in. Second edition, 1919, New York; 
price, $3. 

In the preparation of this book, Mr. Halsey. who is 
commissioner of the American Institute of Weights and 
Measures, made an investigation of the claims made for 
the metric system and especially of the claim that its 
adoption as the standard for the United States is neces- 
sary in the interest of export trade. The book is a 
summary of this investigation and in view of proposed 
legislation to make the metric system compulsory, it 
is performing a valuable service to the country in pre- 
senting facts from which conclusions can be drawn. 
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The author holds that the argument for the adoption 
of the system is based on the assumption that it is a 
simple matter for a country to change its weights and * 
measures, whereas years of experiment and exp-2rience 
have demonstrated that this change is of such diffi- 
eulty that in no country is it complete, while in most 
of them it is a grotesque failure. Another fallacy pointed 
out is the assumption that with the adoption of the 
metric system, or rather its introduction, the old ‘units 
will disappear. Mr. Halsey’s studies convince him that 
this is not the case, that in no country has there been 
brought about a uniform system in domestic affairs. 
Instead of doing away with confusion, therefore, it has 
brought more confusion; instead of a saving of time 
in ealeulations, the continued use of the old system 
involves the addition of calculations for conversions 
between the old and the new; while the argument for 


_ fewer and simpler ratios between units disappears when 


it is considered that a dual system introduces far more 
and far worse ratios between old and new units than 
those which now’ obtain. 

Each chapter deals with a particular phase of the 
question, presenting facts and arguments that cannot 
be refuted, and proving that the choice of the American 
people is between uniformity based on the English sys- 
tem and confusion caused by the mixture of the metric 
units which metric legislation can force into use and 
the English units which the people cannot and will 
not abandon. 

The arguments are presented by Mr. Halsey under 
the following heads: The Metric System in France; 
The Metric System in Latin America; The Metrie Sys- 
tem in Export Trade; Confirmation of These Findings; 
All Metric Arguments Destroyed; The Metric System 
in Great Britain; Is the Metric System Better Than 
Others?; ‘‘Simplifying’’ Our Weights and Measures; 
The Metric System in Every-Day Life; The Metric Sys- 
tem in Primary Education ; Learning the Metric System ; 
The Metric System in Manufacturing; The Metrie Sys- 
tem in Engineering; The Metric System and the Scien- 
tist; The Metric Equivalent Scheme; The Metric Sys- 
tem and the Saving of Time in Calculations; The Metric 
System and the English Language; Our English Weights 
and Measures; The Decimalization of Weights and 
Measures; Specimen Flights of the Metric Imagination ; 
The Story of the Berry Baskets; The ‘‘Metric’’ Carat; 
The World Trade Club; The Metric System and the 
Valve World; A Rational Weights and Measures 
Program. 


CoMPLETE PracticaAL MAcHINIST, by Joshua Rose; 
cloth, 547 pages, 432 illustrations; twentieth edition; 
New York, 1920; price, $3. 

In this, the twentieth edition of this practical book, 
several new chapters on machine tools have been in- 
cluded. Various commercial types of machines and 
some of their outstanding constructional features are 
well illustrated and described. 

The book starts out, like the older editions, with a 
description of the various types of lathe and planer 
tools and their uses. Chapters are devoted to lathe ac- 
cessories, such as dogs, chucks, ete., to hand turning, 
and to tool forging and grinding. The subject of drills, 
taps and dies and other hand tools is well covered. The 
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chapter on vise-work contains some good information. 
Interspersed throughout the book are a number of prac- 
tical examples and descriptions of methods of doing 
various kinds of work, such as turning an eccentric, or 
a piston ring, and fitting connecting rods, cylinders, etc. 
The second portion of the book consists of the machine 
tool descriptions mentioned above, and the book con- 
cludes with a chapter on setting slide valves of simple 
steam engines and a brief description of the piston 
pump. 

This book should appeal to the young machinist or 
the power plant man who desires practical information 
on this subject. 


HENDRICKS’ COMMERCIAL REGISTER OF THE UNITED 
STaTes FoR Buyers AND SELLERS, 2703 pages, cloth. 
Twenty-Eighth Annual Edition, 1919-1920, New York; 
price, $12.50. 

The useful work, which has just been published, 
after being delayed for two months, contains several 
improvements. The most noticeable is the new method 
of exterior indexing by coloring the front edge red, 
white and blue to indicate the different main sections 
of the book. 

First is blue, on which is stamped the words ‘‘ Trades 
Index.’’ This is a section of 162 pages, in which every 
product listed in the book is indexed and cross-indexed 
for ready reference. The red section is the main classi- 
fied trades list. It contains 1813 pages, listing over 
18,000 different products. In the present edition we 
find over 1,200 new headings, including many headings 
completely covering the chemical industry. The third 
section of the book, as indicated by the white edges, 
contains 216 pages, listing the trade names under which 
products are manufactured, with the name and address 
of the manufacturer. The second blue section is the 
alphabetical section of 487 pages, containing all the 
names in the book in one alphabetical list with addresses, 
and their main line of business. This is followed by 
the index to advertisers, of 20 pages, containing a full 
list of branch and foreign offices following each name. 

It is an excellent work, a copy of which should be in 
every sales and purchasing department. For the former, 
it contains complete lists of all prospective customers, 
and, for the latter, it shows at a glance the producers 
of any product which may be required. The list of 
trade headings covers from the raw material to the 
finished article all products connected with the electrical, 
engineering, hardware, iron, mechanical, mill, mining, 
quarrying, chemical, railroad, steel, architectural, con- 
tracting and kindred industries, and the firms listed 
cover producers, manufacturers, dealers and consumers. 


News Notes 


CALVERT TOWNLEY, Assistant to President of the 
Westinghouse Electric & Manufacturing Co., was re- 
elected Vice-President of the United Engineering Society 
for the year ending January, 1921. 

Upon graduation from Yale, Mr. Townley became 
connected with the Westinghouse-Co., serving with the 
organization 17 yr. successively at Cincinnati, Pitts- 
burgh, Boston and New York. At the end of this period, 
1904, he resigned and for 7 yr. was engaged in executive 
railway work. 
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After renewing his connections with the Westing- 
house Co., in 1911, he became Assistant to President, 
supervising many of the company’s indirectly related 
activities. He resides in New York City and is a mem- 
ber of the Engineers, Yale, Automobile, Scardale, Rail- 
road and Bankers Clubs. 


C. M. Vitey, for many years interested in the Perolin 
Co. of America, has recently sold his holdings in that 
company and incorporated the firm of C. M. Viley & 
Co., investment bankers, with general offices in the Boat- 
men’s Bank Bldg., St. Louis, Mo. His many friends in 
the power plant field wish him success in his new enter- 
prise. 


Cyrus THURSTON JOHNSTON, mechanical and elec- 
trical engineer, eldest son of Clarence H. Johnston, archi- 
tect, died at his home in St. Paul, Wednesday, Feb. 25, 
after a brief illness. -Mr. Johnston was a graduate of 
the Massachusetts Institute of Technology, class of 1909, 
and at the time of his death had entire charge of the 
heating, plumbing and ventilating work in his father’s 
office. His career was one of brilliant promise and his 
untimely passing is lamented by a host of friends. 


Trade News 


THE ANNUAL CONVENTION of the Keystone Lubricat- 
ing Co. was held Jan. 14 to 17 and attended by the dis- 
trict sales managers, district office managers and sales- 
men. During the convention, addresses and talks were 
given on The History of the Company, by H. A. Buzby, 
vice president ; on Credit Relations; by W. F. Buzby, the 
treasurer; a series of open discussions on service, sales, 
and consumers’ technical problems, by members of the 
organization ; on Our Foreign Relations, by N. T. Buzby, 
secretary of the company; on Results and Rewards, by 
D. S. Paterson, marine manager; and on Lubricants 
and Their Application, by T. O. Organ, consulting 
engineer. The concluding address was made by A. C. 
Buzby, president and founder of the company, who was 
presented with a beautiful testimonial from the members 


of the organization. 


In oRDER to look after its rapidly growing business 
in California, Arizona, Nevada and the state of Sonora, 
Mexico, the Jeffrey Manufacturing Co. has opened a 
new branch office in Los Angeles, Calif. This office will 
be in charge of F. R. Field, who has been manager of 
the Denver office. Mr. Field is well known in this terri- 
tory, and his many years of successful salesmanship and 
a thorough personal knowledge of the west and the 
requirements of its buyers, especially fit him to take 
eare of the constantly increasing demand for Jeffrey 
products .in his vicinity, and render valuable assistance 
to clients in solving their elevating, conveying, crushing 
and mining machinery problems, 


THE Borter-Kore method of removing scale and pre- 
venting its re-formation in boilers is described in an 
illustrated booklet from The Boiler-Kote Co., 343 S. 
Dearborn St., Chicago. 


Buutietin No. 1120, relating to the Stratton Jr. oil 
separator, was lately received from The Grisecom-Russell 
Co., 90 West St., New York. 














